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X* «r sirtte *na«w m 
Mm fci»8  ^Wm  ^ m  ^ «f fittmMm • • •«# ^•  
1« ^pt fa^ iJ ig ««««««••««#•••*«*»••••«.*«*»«««»«••  M 
wiwmt t& 
>• siaitiis^ &t WSktmi^L f&T I^ 
*•»•«•••*•*««*•»»«••••«*»«« 4f  
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Layar €f 
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II. ACMowLai^ ® :^* 
While €BS6@SS & %lMl' 
.wri^ r l«»: tste- «t «i^ i.^ #i«». ftssis* 
tsa»# a^s«ars of the Zoology and Saotierlolosy Deparls-
Dr» s* a* -mim ^os# ai^ t^iwa ms mrtim  ^
mm '$m Ma msM h®^mi i^# 
Br*. 0« Iteitl»,» •»*€ of I^ pfc t^wnt -o# &ioloir S t^o* 
»X©  ^ foF hts »TOO^®^«it©at eat 'to-. »* 
Iji^ »:i, «f t^erlology anS aiftteriolog|«t 
0t th# I#* aagi^ #i»isg m^%Ti.mm.% Statist 
f® l^»l# m .i^ fttaiit t^» m^t W# 
•lili also  ^»r# ## H. M l^Bm tm  ^ th@ 
III. imoDyoTioN  ^
1% Mb tittt mmmam t^am- pMr « 
mvj important part la m* :^ rifioatiQn of sm^ge* t&« 
iaTOStiga*tes iaii#wi, l^ at ]^ ifi«tim of i» 
fm 'to «t iil©ro#r®m|jWi» 
m&mm !>«»& m <^mtni!atiHl s^V-
ftble «aviros®©S'litl eoMitions are pr<«Fiaed. for tbe &t 
plaat and aaiml lifes* ©i© stiadi©s TsSiich haw been coatiti^ ii 
along tli© biologi^ eal line hair© b©®B oeatered eliiefly os 
l®€S#ri& 'SftS iM»s iIeF' 'iii "ilt-i'S' *t'^  
thsr# 4» « imltto iC aatoal llf® nfeteii 
.Ifti'' wm utttl® itii«ti#ii*: Wm- .l»tw«a.atl©a@ n&i^  
«ci@t l»9tir«!ini 'tsi« i»iml plant or^ ^aliott Sm 
pMXp m  ^ -d^BMPftt i^ rtly of tii« attlwi 
m MiRi« 
2t m b#ii»f« ttot it tm tM Mnm 
#r m»m»tm$» m^mMmmt- «iiig|ft- wmt. 
M 0im t^$0mt M parifi®mti5tt ©f Mmtm mm mmf 
mUk%mm%» tm @ow«»i»g m@ ••^ i^iaifeiliti' #f 1 :^ 
lit# m iahibltittg |a»a»tfl tm 
purlfieatim, 'These etate^eats ar®, la most *«»»A up* 
m t&i» «!« 
Sunr©3rs of the faima af Tarious smmm  ^ ^eatiaaiit plants tfeis« *^ 
out th® world haT© showa that they harbor about the smm gw^BP» 
«| fifai*. t«sslt@ obtsiiati: to tl»  ^hs*«i 'iWf 
various wor&ere a3Pe difficult to coEtpare beoaus© of the Mite 
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swii; M 4 •mm  ^
#f thm. nmmiMi' of tfe# «slm«l Iff® 0mM'U^mB 
'•%tLaik-j^ . Urni-miimm-iiii-mHi jt-ii iifiVifTVIii'l' 'liii i^  IiT«ii' Wj^ i flfr''i|in'i>iy Jm^W' Mwwwa -G^^m 
mm wmk y«pflrt»4 ia mte mp  ^  ^ m% m^m 
mstttmllw m&tmZiM ^mMMmm* fm 
lag -rnxfimm-'  ^ mxiu -m  ^•«« m m^mm» 
m«atal Thm &t wm^ wm 
'.ftS' ttS'' •'fefeat 
m»im ®i# -ttt^ mm. wm impt feSrlf e@iistmt» ^ife tw ttl'^mm 
mm% m tmrlj 'ft® mm »• m& 
flif. -ifct; 1  ^.»#& -wm-
%m |ii«i»t« -^ mtml fei#l?igt®aX s-laita® Gt m  ^i 
matl^  i», t&# ftttJi ftf IfSOf#. tot #!«. 
mMAm #f ^mm 'mm mmWmi»A m mm ©ri^ aallr 
f^ i«: «# i^ is nadPk te- ••g'teite" %fc# rtf 
ot milk m»t0 m at aifftir-
•^ t «f 1^^  m^m$mMM% #4sa«af -mms^mm 
of mt vhtrnp^ml^ . mtlfm» 
^m& rnvmB ia @. hsm#*: -M -Wm fll*. iwipi' #»»' 
•*^ ifiSaBSS. ^usatifetfe:^ -. 'A :^SE film SttS 'iSSiSI' Itlt.* 
#iaa#i^  niilefe, tmm ^m ®f 
M •te«t«r«' '.«afti» '^ *«» Qhmlm  ^m^mm #f 
^^ 1@® «f- mtftA&ut ftm *@11 wmm mim- mmitf 
'tow iMte* %• ^aiiglBg af-
l^ «4 to -Hi# it was ^asit«?«4 ^»«lfel®  ^d&taJte' 
m Ife# fmm^ tm tfe© fS3a». 
at wi'iess-SsiiliS' 'SB# 
ttirimg fli'temMMi* ai# 'Wte mployed otmsis^^  0*§ aa4 
t tw e^» wA%x  ^ &pp3.iM m  ^©f @sdii«i 
«ia?# @»«s« p#i? st«Etit»>« a# fmto ft2.-li»* 
tii» mm- m&% teiag the mtr% Wm 
&f »*' mm  ^•*» •mn#i:,. 
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rr HisTQHiaAL, 
;«?• 
hm l«@€  ^mtf w^m% etfdetaU  ^ta  ^Mr®» iai®  ^
.--Wir^ - i^ «tl, •«%» is 
si&ft «» #y#t®a f#r si®m  ^-wayst®* la 
•Wi# msttj mj» mm  ^mm: ittestlf fe- #«ff«Ms® 
#f t&0 mili Mimem ^ 4®"»0iir@A fey mrim0 pMmt m& mim$l 
Itf## 0kmM.ml rnhg-^ ^m wm» wMmA "ssst# t@ 
%h  ^ pstotiag wiiii®^s«. 1»* ^ mmmm 'mlwm- #f 
sladgs thus produeed aaused a vers? hear? ©xpaase ia disposirig 
## ssi^  ^m& Wm tur^me t^ mtrnrnitm 
14  ^totiiir fe^^ -teeat #f filt3?atl«» 
$M wm tmm me isttliar hmemm m mm&tiMt i^t 4xt #'»3P7 
iciM 0f 'grtifieiai ot s«i^ -
filter, whloli is ^sed tn sewage disposal syst^ tii;.* t# 
a -'tet pf - piB^# #ft#a 
ple»i' #f st@a® m ^ @tlt©r wi@ri®il mp«a ltf« 
adliajf## 8ttd ®ff© t^8 pirtfitatldB# fil%%w mpmtff dupeads 
msit :^- tt^ sii 'tte MLt@3?lals iissS 'Stest 4BBsl3?atotii0gE #f **1* - "W; • fW'JSI*' Tiff WW- -.P**SiJWi« W- .'•<•. iWfi . (fil.nfn . V»pWSr. . W. •"* .'•'* "W' "".ft !*•_.• I^ 'SPP'n'P'W"'- •PTJW W 
filter ^eds aa lapon the films whiah fom «t Use swfae® #f tii®®, 
'•fte fi^ m- 'i^ ®a.@p 'wm- mmm:- M sppiied 
i^de t suitable substrate for the gppow  ^ #f plant and animl 
llf®# a« Q]r®aii$iwsi lifing ia fil»8 •«» r^ spcasilnl# for 
^#. #f tii« mst@ :S» 
with them* 
mtii mmrnA .yw», wty im# m'kmt th& 
issis whloh are found la tlie films of the spriBklisg filtei' 
mm murrnm miM% §m 
sueh a study laay he said to Sat© back to 1675# At that time 
a mlerossope of saffieimt 
org®iii«» ia mt®if aat 
I* If® s«v< i^ttg fiswfti' imfmmMm «€: 
• z* ' . 
®a  ^ Abamt 1® ,^ S#li«l^ @ 
ttot ai@2?00i^ asij» v®m tli® m^ats @m i^^  
m%%tm0 %»• -mm 
mm of ifeis totwl«4g» tm wttli fi«t*tflsatioa ijJ* siwsp-
•ftgs latii ifcii 
last t*»% '^ mm mr'^ m l^ rm hmn srtli^ : m ®ff^ 3?t leawa 
tfe« aalterlflag pria«ipl@s la biological pKrlfi@stl€Bi* 
Mast #f iai« wti* %# r^ latiag'm fit' 
%a#t«r|ii^  it tm «lf »<wtl|" '^ t att«t4i® bi«t 
"fek 'ii.'iit.il!Vtik''<t%''l^ kiA' 4kii>v%mve i^st^  usse :^ WW •:w^w^P Ir^ lA; V* 
m rns^sSM&tlm &f s@wa#l- tot«g tM- ^mmms of 4i^ sti0» 
m the fili^ :: n&i^  Smml&p m-'^  ^:ftlt«y b.etf it M 
i^te SRwrfrislag  ^fia.€ suoh an aburti®it gwiw  ^ ## 
Mf®* »6>«t a*»gri?&»is «i.:tiWtl»' '.M -^ I&# f 3?©t«>sTO, ®ltilcM|^ . 
mmv otls '^ .Afttr 1**1 ,^ 
-^ is atoia^ymt aaoiwal Itf®!^  twstlia arise# «# .%#• %!»• 
fimctioa ..#f 'Wmm »• ^mm: pwifi@ati^,f»®®@^« 
: .M' Wm^mmmrn. Om of the aost ii^ rlaant 
litieh mast be oonsiaeyed in a »t«% ©f «i»a3. lif# ia 
pMat# is •'ite' 
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ii ®&r]£©d effect upon tJielr food hafelts. Peters aad Lwoff 
'imm' mw- Wm$ «#rta|# 'ia^SIa  ^^ mM 
s©s»lL3.f, jsaj» 
f©@i fipiai Wm- ••of 
»f fe« ia lt« f#@€ MMt® *&© st^  ^  
m€ m&m 
1% tB ;^8#: *. # -^li' p#* ^m -fmifiewii 
t<»»# WMlS ir@Mt i» fssl^ ms im t^iii^ mm.l»l mM%%%mmm 
ai® iS: #f • %# -fti- 'tt®'-
mUmm mi #f mlb '^btMS.T 
Ms a p7#i»iit i& 
SSswSSlS $M lili# fSSw- ' I^te fHinas* 
mm iM.%mm'i&%%'m t^& mi^  pa?®  ^
im M1W li«!» fey ft «f 
i%M%Zl til isf«Bst€»s .^ 11. i^ *BW:.^ miB» 
0f pf<!Jl«^» «ES«t@A a IE 1ifc« 
®f mm ..t:t M -ite 'm^mimrn it wm-
a3j# f©mA '1  ^ iwfa«@@  ^asagl«K mtt8te«rs «d &f tlJi-
mw^i^msm- to mas^mm^ fm pretoam* t&Mmm m €®fl-
ft.t-'jte a^ele. IMS iiStiS' -te*: llttS: Ssw iagfeMi!p>^4a«it^ ., '1te !^iti^ 'ifcl..«t 
1  ^pl,s»t » Ife® tlsat m#.- m i^MtSy hmim'i'^  
IsMiiaas "UtiPisw SiB*' -iBS -mmmit SB^PSBBS 
tmWr $M 1&© pr#%@»TOk ia toi iafa»t«s» 1  ^
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are, tti^ 3?i;»tteaj. m& mm i^maXmX mM 
^mrmttmm mm- mm»- m mrnm mt 
mmm «i«iifiii: m wtm itwm} -
e&@ialeal properties #f feay la^4si^ » tertag pr®*!©-
mm. ©f#!.®#* His tmm&Mtlm-
mg w&tnly responsible for ttm asid* aat tliat tlie aci4 eiirss© 
is- afp*®xl*t®ly ife# wm» i» iafiwS«s. ®r wi^ nt 
mm* Mm mtm f<@wA tSsiat tlbs •prG^m&m. ^4 titrable 
:P^»#p@4 mo Intlntttli- wlma3. ira l^jati^ # It wm tm  ^
'SteftS: •##- 'ilBSW- px^t^s^^: «t8. ## -l^ll-f^-
'mri«i *ltjfeiii irti® it^ tu wltfeo i^t gr»tlf iMXvk&mtm «tiai 
©-^ r, m ^ mm  ^ mm t^ vm mmimm. wm.-
mm&l piwttssismm re®aa?tt6#ii 0C « 
(iMt) m® inter* 
jgit- Jltfc-ijilCjA^^  -'jf'^ fc- i^i- jjcL f^ft'lMllliLMLji^ 'IflK" jlQL '^ fc^8b''^ litl!^ M)ilt-'.^ K' ' .MH,. jf«l jm ^ • ^ |i - -flSk' 
.4A» Vi^ fci,^ rf5«|ipF*HP#Si^ w '^«r • jPwIW** 
imsf p@t«t to ©ciisit« tA ti»iSti|^ tSj^ S0i3l tm^^-
%x%i^0 ifc«» im&Bm ^%twmM. m 
Trery iji^ rtiait part ta Maitteg »®ii mMm 
®a« m^mm mimm!m& %m 
^mmmm mi m%t m 
i f t  hmt9r i& ,  a«a»tj|®0 t& ^mm ureters, mtf»rs@l^  
mttm  ^m$X 
giir« fl®aisil3y@ mi^ rt  ^IPetei «teo tl« 
prdtQ^  ^ m. Im ta3M& #f 
mmmm m^mmrn at fa^?r#lati«ji&ip 
-17-
Hp B'fcBlnws ~ 
0tt%m mt mttw m mil as 0tSmr aetivi-
t$,m mm mmX^M ©f "H* *3.tipXi®a%|.« -^ wi ,^ wH& -sf. 
r^lal »13Ls» Bs' 4m%T0 i^3m "tti® m&9m ©t t!i® 
mf st4»lli;^  far'm#r ^«t@rla3. aiaa., 
far^ i^  M l^ogi-eai i* ••»i3..*' 
is m t^i3t0%S of && Bat&litiism* 
a® mm to wi"  ^ nrnfaimmm -ift 
®o41,, wMi® rmm  ^ as m fn^%3.@ t^ i^mT 
tm f©w mil.* 
P@r*«i ii^ - 'lfe»: tt 
f^ t If wsA lat«i&$jiiJNim«-
'-A '^ •dliAillsB i^iV'' 
ill it@i3.. iiii4 M .iiM@ig» i&m m% Man Itef- mv® 
Ife® M0l«gl0a3. fy©«#»®«« |.Eir©l"f»a* eiitl^  {l%m) mn&mA 
. fba-t mm0 n$M%w  ^ fi3  ^hf 
p»@s«a« <if <acil» .^ «. put '^ wai. 
 ^"ttils partloular -^©f -^ siieM-
mm l€»® iM Hi© i«r©"fe«>a, mWxm  ^
#imti«: «# pf^ ffeeap, . ttet# wrfe «mfi3?»4 #f 
Hill» {WM) @a€ Hssir (»»)• m»|*t- m^m, «ii» ««» 
|iw«, wip«r%it Himt 1» Itolrty-m# ©atprflwat® mt Hitrtrf* 
.«|^ - " I^t. tt iA m tmrmm  ^
•M thm mmmt »t t%m  ^ hw fkm fe@4i»t 
«f ••^ . l^ 1»f ift »eemed to etimlat# twt^ m 
-18-
0$: mm0m mm m ^  m%i^- ^mm 
1*4 tiias mSatAiiii«f tMir ml%m§m fixtsg «ffl«l0aef 
f#r a #f tli»t • • 
• •, mm #f 
pJjsi^ steMs <m €«lii ti^ t e«rtiila srsto-
mm '.ipp -^t , 
tei»g  ^^ @»»s #f sa%»®3. f&»-
•^ eie Tmm^$A & «as 
w^0mm- WaMr mmh rnm t^tiom: vmry littl# ps i^ttes-
ttm. *&# plm0» fl@sl£lm ws»® 
S]MWBS' iS' •#&»•• :dSM#^@« 'tt#' 'UftMiiyt «#imlaSl@s WHS 
.w»t »g l^i#4 fi»4 pvmmm @f purlflemttett app«p«iitl^ ' pro-
•0@©dM t® mw -mmm  ^ m 
sSSXflli^ , %S# .SIMy|SII: W*E# 
t«®A tpptaww# 
Jteiterf leld, Purdy  ^ and I3i®rta«lt (1931) studii  ^
iaflume  ^of the pXaaktoa on tlia l^ ioolieaioal oxlcEatioa of 
«gaa|.t mtten, fw» a s«ri#» #f 
lfigl.«»i aa4 mttf Wm- •#»«* 
to » appptsiaM® omw^mA 
ia «ie 0f all llviag 'Jm #t 
h®®t«r4fli 1^ f3^ planlctoa, oacyi^a depletioa wa# wuetett 
1&» tiy»  ^«iif !«'  ^ mmm^ -^--^ ^%tm iffsmt%m3 -^
Xf W»: 'Wm iwr.i#«. mim. ^m^m- ^  
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Wim. feotii «»€ wmm ©xf @« 
pcrooeeSed to oompietioa# 
mm W m&m -m i^mm wm i^ t- •fto# m t^imk 
of $M tit« «iEi€teti«a. ^mm& 1® -W 
'tof. .fl# •^ •ti^ iit 'W^m " 
i^at laws fesr #«%tBij»»., 
t @ i » i a i  « t t m f w i m  m @  m wm 
oxidation would eontinu© ia m® eultures# Support was also 
ts laits' ^ usmvf W Tm t^m 0fetei»©4 'i^ w ite- liaittag 
aa^^ if ttt i»a 
SiMl ia niufcttifs wr® temriafel^  
ssssiliS %awiiw?la3. swltiisMifaMiKBi SBi. tenn ti®''ssS-SsSS## 
i»# toatimM |tt#% m to l%# -^ wwm* 
m^ew ClttSj p#latioasW.f Imslferta 
ftat Sa iwitli»%«4 ^Om* 4 '-i^ tft®®*' 
*i^ : tesk mm »i aai# m tfei® wm&mX, 
'Mat. lita,S t^ote •n'mmMmm -^ te. SWaMlSl'te. 'IteA-' ##' 
Im&ttria itt tsfilEft 1  ^@M@t mm% 
tmiaia»: gM,lf«it« ma <^«aiil^ » t»» 
• 'i|€ s@% mtm^mrn gswrt^ *-. 
MietQrta tmmmm  ^mmmm  ^ tids 
fii3?ift@iiM  ^me ®tip»s»lj %w»: i^ ewteg 
fa«»t, tils -of m@ t^: 
piir4ft«atlim mm iwpiist^ lf t» Its origtoil lii^ -
®ffl@4@ai^ « a® #««lMl<Ma m» Ito: 
ftajr amt ^^ Its iM pofifteatl^ * 
-so-
 ^0&iM Mi m^m '^ 
^mm wmm. mmrnm 'itet mm ^  ^ maiSmM pmMhlm 
fm-^ mm im Wm i^ ^«>sa»s Im-wlwt to pail-' 
fid^tioa «4 ia mil fertility# '^ : 
0^tXm my m appXt04 i» M$h m4 it t» wiamt WXkt 
,a<|. ;j|h j|W '^ -jiife^b.'aftfc' MWlilU'^ L,^ JjiL'ifilf-J'A'*^  '«i• 'jiOLTiJIiMLtiim rfli jiTLtWiMlrt "1  ^1"I*" -'Mt-
rlmt of work purporting to eMoldat# th© rol® protozoa ia 
sewage pyrifieatioa» 
^ » i : , . A a i i t « „  1 :^ -&&• «»r^  
2.i$®»ture i^ioi is direetly eoaeemed witli tlit ir©%aba.# 
#lf' .jgBft# :#i|iiW'' 'Stt^  1,% ''in 
-pmmSiiXe %® fiaA a f5ari#% of &t ^we 
a#t feim4#t m mt&mm-m »f iai^ ti-
.^ EtiCKBS •iaat'^ .-y ^^ a«i8ii» -^:|._ -S^yi^ yS' ay^yy-- 'IBl# 
miMl lif® 'wmmmkt t& »®ifrag« purifieatioa plastii* im 
-ste«iw«. f«f •#!? *%©»• tw t^tgati®a® mm- '^ mm 
»r# ^sa; ««se33iii|i« .^ wl^  g^ersi #o»«ltisi«m8 MI t@ 
ftmotioa of tb© asdbwtl f^ms- la s#«fag» ^mstft  ^
mu.m. mm th© ©aviroiaaentaX itiioH-
@f 
•*» m ibsi fir«t  ^ lif®  ^
aad S(#iaMt»fi mktmp9t S®xby (3^®! ««d4»«ft^ 3fy 
feisal »tt«r Sm lii® Riftr f&iwis 41i»:i^ay#4 ®f1»r a 
tS» i»A replaced lyy ».ll r©mA mm Mi# 
E# ©CLs# fi»imS of 
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i&lisar mm i^mm.^  
maM i^s witlh ml^ m* Ht« ssmm  ^^^ I^mlm mm tw&t 
lai® •mnm» 1  ^
it was also aotod that in heavily polluted pools there were 
wm^m of man. .Wim m tm 
t^ft lat m# l^ r© m. iamiemm is. ty|s«» #f 
eilia*^ ; mi :ia«is^» MmM&A {ItSSj tmmd  ^ tMt -^ M*' 
at«» wmfm t&mmi. hf mmm -mtmrn^ ifetl# aWmr tft®« mm f&wA 
(mly t» m^m-rn Clltat#® liirlmg m .®1^#  ^
Wkwsi' WL #i0imiii;i wm % ®pf #iii|ii.w 
©caitaat* Th® or^aaiaais, espeeially t&@ ciliates whieh fed ©a 
4l0xi4# e®mt®at» 1% mm al»o a#t«0Bi»»d m«t aato® i^. 
rnmmt #f w^mmt ia mt@r mm%& a 
ftM^mm m {XfMl #%taia  ^Jiisi3to? 
_tTm. studies trm  ^m^r 
'ti<m. 1^0 fulattiii i»«mt @f dii^ X-fnd i^ its @<3g&0id«ix«<*' 
M «« lit# i^leh &f 
^rn^mm ^lto» rnmmt @f disa^lwd ^mm^- was. to^ etiy 
ii®r»#lat#4 vtW  ^ "^mpmsktmem ^mM%i^ t%m d#t®iwtiiatl€ffli# 
li®lh»', 'iMi# :i»ar|pBt## lifity«®'' m®-
Mdy {19S8), miil& studying th© plaaktoia of Laic© Miehl-
•ipa  ^ f«ad that s #@f|aiti@ fr®tos0®a ta 
mdt ' f ^m  !»%»• ]fe«pt mite «ati»ll.#d ®m t^ti.mm*-. 
lar eulturea mlntaiaed md®r th© saiae exiTiron®«ntal (5<mdltics» 
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&a€ m stsijisr m^vmrn mf la 
, 'litS' --mm- s# feaitrwt tfeat .ia.sHi®ltet 
wm mm #f lb# fOT«©st fi^ tofp g0fi»i«j.ttg mm 0t 
fsrw. 4 €t3r«< t^ t!ififfl&a<s# «m  ^
^mMttmB mt "^ - toMtet imt mt mf ^tm% 
m »f 1^ 4adiir$aml A ^nfs l» ^  
l3;^m$m4m^ ftlt m% toal3«at 
t0m» "60 mj «n«at# s«rifRia wmwmm mm f®w4 
t® tmm a m pti*ti<saMy of 
tb« .o,@@OTm«# #3f ^fflajfcttia-'^ mm hm 6. 
mhlm tmpmm mmMSMmB af "tti® 
BmMiik. ilftsj fei mt mlmttm 
0f €lff«y@at «pmimm #f aai 
of i^ lM^mrn M %» Qlmmmr till® 
lUk^mskSp .tei  ^ «t MmMgimi. 
^mt at i^m to wm all® %o «-
ia|»|*^  ^ .pP#M98 "tetokSji 
fi^^m -lilt %© 
4aflB«ffii# #f f@94» •#aifi^ a 
of th® mt«r oa lilie giiwth of oertain orgaaisais* It «w 
®w  ^#f tlB» vm quX^iW^f % 
•iAntartitM- ;i» HiB.. tiuaatltv #f' tte nfti^ frr ISii 
?«%«• 1&® C0ar^ ®im) wm$ #sf®ei«31y «»* 
ia #»mg  ^-«««.• taiiP; 
marfeed ascl wttMa wry Bh&rt perl^ ts ®f tlwu 8tai' 
msw that 'by ste%iag Hi# ms-^mtmrn pf»wit ia 
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tli# xw  ^ fiJtes 0t Ito# filtmT 
tt mm ^ m tmtm^m ^ 
proems 0f 
.M .ateimb ife tmimtim ^  iitmmm 
m m» fia  ^ i!m miM « l^w»tt.aas 
fm yi»at» m^imArn Mmtmm to  ^ m«irr# 
mttw  ^ la W& mm *^ 
toci3?y is M^OmtmX ^^mefrn Its 
fetfts m& spfii^ Jag fllt»i*«, mt a t^to te a®tt«%®4 slm<S|p* 
W^m 1&# #ayi»g mtimttm &t mmms^ 
mm msaOmA m4@r Wm i® fmnd mat as# 
mmm .^ «f' «• «f • 
,|»t®te» prntmrn^^: nmmtodm  ^ wcms mA mUtmm* mmmtX (XWB) 
^ 
'ittM#' 'Iw  ^ 'SBWltezs a sWtMl®' *i»a|,^ y:,. 
Wiiely, -ito't il«. »@Wk®» by tim • 
tmMAm 
SJitti« ^mm m 
i#ii^ mm w^mmt ia m%imw^ We^mm 
^4 ClttO) th© <if tos© #f 
fXflSl *.#» mm^ @f' tfc« i«*is«s a t^aroA ia 
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S* § m 
mstm iimfl wsm mtlt sluage 
mm '^mA. :teft mm mm- t® a®iA mm-
mrtatte»i ia,tygm fe# la fwt l»;iwa®«al tadii* 
Mm 'mm M -00*-
4mm. tm s^m mat  ^ in&mttm ms^ mtrrnt 
mm to #m#i-ea  ^of fiiil^  m^em^ mWm'^ m:.. , 
mjptftw tfm» c# ^ 
ia« «fe«Pi4 tl»t frifeto^y»Miif %»«« „ 
isrsltews'.- iii' 'Ite' sitetes nil^  Hi# swfesft ttwi* ttBs yf.l^ -
the tin# mw rnrn^mm Bartla aJls# »ta^» pf@-
t©fc»»lE #»il»a^«is mlw l^.© aits i» i^ ttiag « m<tepsii»t» 
is^  • 1^# lifetd ^  w^mmmmm pmiftmtim  ^If  ^«« 
msimm- i« fiai^ lSw wi'ii «i ai«# 
waAia*. tia^pay ,^ #g^^ ^SS,<6m8* 
Mmm I3»ftl)» la a 10^ % tk@ a^ f a@t|L*& t^ siat^ * 
mmA tlat I® i%# =ft*%i:- tolt® wl@t Jjt 
ttm t# tb@ «isp»i«ii mtt^  ^ m^mMrn- • s# ^at -fc. 
"l@«a wwm msm iMsa&TOa# to ^«4g©»i«t« mti© wm-
&m$mt* -'mm •% wm 
p-wiiMwt*, m. pr©'bm0»A mmmMm &t sJjoig  ^ l& r^ tae»«yi^  
111 'WhiJle -IBSIISPIS .-MmmmAim ssB-SiMilttB: 
TOP® f®«ii, m *# "te^ mm- mm mmimiSi. 
4sy# ¥3tm 
'iM 'Hb* -a# •i^ a.^ fcfeiiiiiiaufcife .^ #' tt-^ ajMi-atflwfc-^ ^Miaw: <at«afl»«^»'» i^gwiaft:#t«ii!*', 4<fe 
m& t^ mtA Cbat (ipS 4*S| m$ to 
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B-im t© ^  mmrn it t© hm(m&  ^
initial ofel€tom hf finding 
mm 1* m 'm^mu fiite* lit »@it 
»^a 0 i^3.« ite. .i^ i^  
•%a$t«ei# iri« ft ii»-;i»iit 
@«ag», »ataiiim t»3  ^»€im mm<  ^
e  ^ ii©s^  fto?tter 
';sks. • #*#« • '0^  ^ 'iwy- -i^ i^n-fi^ a is # -tikies 
•W»« H«.t|ag mt #!«%# f©3? .wltt«  ^ mia  ^
•ji^ i^swb '09ii' 'wis: 'iitotishifr is^ s^isiss'  ^
aUim* m&m a4Mi -to- %|:® 
of iwl®«' a •p'a z^^ w adl#  ^  ^
mm0l9t «j»if i«m« mm^%  ^mi%Mm mm 
„ - s ^ - w  mM-- 'm^- «p3 '^ 
4a ®l«ig© p?«#s«0 %« wit«ial wm  ^
'^ ssilss '''ihs^  #wte '338: 
 ^s«tt3J»g is Boatlf at® mt%%m 
will mt m%%tm mt hy tli# '^t»i® sae®®* 
.%«%, if fii»  ^mm 
i-t -ii, p^3rtt«S>«ii- ar© si«^' .iteyigp 
tll^  WJJPI Ha feelie^d thert will a#t 
maiatmis- it® i^ wmt %a a»t» ^B i^» m ^Way #f 
pr^ tesoft t# »»4ataiiw^» Mm alw mat a «a!»t®a.* 
-S9-
tlaft &t %he 'wmm. mmt mttm*^ 
'•mm' 'imm  ^^  m^^m$ mmmrnm' ^ 
«fP^r# tt mM ta »®» 
wmw$Mm rnhmOM mm mm wmmwm mlvO^  ^ i». 
a» %»»% m ttet «all mr %mm 
ties oaa b® addeft to th© sludg© sfeea difficulties appear in 
'ittiiE' ism not hrnm miaflimi.# wlM. 4t mmm^ 
mrnM -me fi?©'tew» a» gtt®a mos* #f Wm sir^ tt fier im9«@sa 
mtmrnrns. m ,wi  ^will 
|>@ all «f 
aat cltat) 
i^ka@t i3.^ t %mmt^  m% 
ixisi^ is* l^ia mmm pljnt ln^off 
^M.- 'iteiisipils %f" A. .«iyiahi^ :yttg: swu 'llw 
%&i wbise*. 'ibiir# fww 
jffy^ yiapte^^ i* sjqt sfc*. WW' '^^ iwll^ ;* ttkib-
»ta»® "mm f^ ad, w®s@ ia m^m^m a ^©r®-
mrfw ^  simg« fft ®i3c ts^ff tasks iwe«3,®d tlmt 
m^$ did •«#* M^X^m »««®. -li^i^i 
ww@- 'iroally pmpaat at au. ®lwm%tmm^ awtll 
"ilbswsls^ s^w wps 4it all dsptbstt- :ittd ttwiiiwi' ift. 
«t »#• '^ siidtt. mtt®r wit® mnttm**: 
otisly being deposited# A tm tttSMtmm mmm faro®«at is m# 
la #wwti« tsntei, «. 3»ieii m3t%»  ^ @f .#3^^ i^^ i api^ isit. 
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§mmm& m tmmmm: 
iM  ^ --mM -^ 1%  ^
A &m Mm&ttm at -^: mmm^ 
msam MtmrnmUm iwr® l^ r«8^1i "fewt i»iw 
'sbhteygs'' '1 :^ llsr f «l.%  ^
tm  ^ tm fs»»t s-4 e»ts»3Ui^  a@63.tot mt-ll -^ mm 
mm 'im m- ^   ^pmi%Tik^  
cm».«ill«.t#® immmm  ^ «itil, <»a tfe® starHi, 
"hic' i#ii9 
ito «i:k^ - i&y* mii^ tl@a •«!,%. 'iswkeptti^ i flitt­
er 0im mml^ m 
tit»l i«wwia«# ]^ *^ %mm&' 
#f mttm^  ^mMMm  ^»3teii tii® «?^!ai«w- :^«»fltt% iM 
l^i ^ *. •:|^ jr la «l®ft^ . -i^ iit^ t^ 
i a  % a t  # « b l i f ^ : r #  mm n  © f  
*tm a fwn «4 ©tl3« Tkm® mm tmlMWm** 
If fm miMMB m ^ is rnlv^^m Slii^- Jte » la^ttsfiattw •• 
'waaitt«» ®»t®im@t fl^ l3at@s» mSm ©issa s^. 
m ••iteiiwi ««,l.t .m- fwt .fiag i^.-
«ttfe of etlta .^ 
i* -^ i. #«iiti« "mm-  ^ m€ 
m% •••«»» m» &im,rm m Wm0$ 'mmsmm ©tii#"^ # 
Wvm> ftll m- tetste r^  ^ #lm%# 
«€ .^. i^ tlibi^  m »Utl a 
«s 'to ii^ m@3r ir**»«»i «iia to. 
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m prmwmm t» m. ©f 
^ wii^  
Wm ^wmsiftsm m iadieatsrs p»ip@ « 0tm% in -a# 
la ^mm mmm ^  
@&®ai©a3. siis woiat »«» a mmmt #f 
tia# if to® •. 
»f m  ^MMm fmf fm 
BtwS$m: *«», mimX lifm fms^ im Wm 
-ftl*  ^ fujupfe:* 
fli® 1mm &a ii®t &m%Ti^ mlm 
tet#imti-on ii10 i«rt i^ mm m0A '^ 
i«s .!» cc «««i^   ^
«eit 9m ml-w  ^
«i, 0a  ^ clfdsl pifelis&«& m WLmt aia^asittm 
'iunetloii a§ -^§^0! ## 'l^ ^a l^i*. t^rsjftwliktii# 
mt  ^ wm-
wt-m. IMO^. ^mmtiml 
msslbllities ot tiliTsiol.osd.eaSItt' i®®tipDlliiis MitaBt*# 
h© »!##•§ ite* W  ^mtoal life in 
-^ immmm iwla at mlm ls.st®t to 
im 'iot® fya m&. 4a 133.® ©OTwuj®-! ite<m thm 
fUMr %m&mm Hi» »@t Mt «i« gmttyal. 
:•!# #iejp«i«ij|: p»««e% iM -fliws. 
s3i3i««ij^  W »««at gmmmx mrw  ^Mm hmm* 'W$: 
©illal»# wm». «iia#t^ »« »©«:*.• i^ rtwat foaaw 
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fil» tti ia frm. flit## . 
fXtU^) fflftt# a hTtmf mt jwa^taa^'lairial. 
®e -fe®-
t^ jatina topt i®4s ot« hj irnrMm 
film# a© i^m€ Ifeat ta fe^ ds mt%  ^ xm tmam t%^m w&m 
wm^- -i^ airt ia ttt# a«^a fhw mf pmar»t »&i*'#' 
.gmmte# m^ ia liiis w^m mam mmtly ©ff* 
m %i^ e mM d mtlm m 
pwt «*f to m#li? Mst^rtal. ' 
a® 3®OTftlly ia 1&# mw ««Tmg® mm 4«wai .^ 
ta ««rmlty ia-
'^® ft,l»# f!i» «*pi3ri»«%6l. irria«i«» JTor a 
mt iu2.#7 c3»i|^ | 
ia -mimT mm^Xm mm Mm t© 1&# 
1  ^®ailr mi^ - %# t© m-leip*. 
«» jitii.*. m4. mm m^^tfim 
laiil.# Wm mmmt f®pitotj.-iis, nmt ,iiai'te«@li#i* om t^ee© 
liiftt i^: #Ms m® tjm© ia 3i4» mm^m ^®4@*  ^ f®t 
tt|km tfe® in % %&» rnrn^: m& si^ iitt 
mmm mt 
 ^••tlitil 0Ltt#aU«« t© m# »#% fail #lf«rfltt 
f» 3?wis.tl«s im s»w«f@ s^eri^ ioalilm 1® te l»@ 
«3p«ti^  t©  ^ mt«r 9i^  ®%s« l^fifflt@ «» tfi^ kuaf 
flim-t l» «mt03,^ «4 ttet mi0mBiX smj^Xmttm ## 
usg fiJWm i* «i*h«y MkMmm « te iSm 
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m-^ m ^  ih#- mMmm* wm m^mm •mm'* 
&f mmm w«» t® hm mm mn l^Wm-
^^t&m M mmtm  ^ ia. 
®i© ^irti© mwrn^ m mm fc#l4«wa m 
imm & t^m% m Hi# ri3* t» m«r UifeU# 
rnim: m -hi* wmtmm%$m w^m^m 
iA .^t 3Mwm t^ uti%tm mmmi^  
'i^ y tkm^ Af%&T tmm mtmmi wm m^-
«#t®# ^  It mm M m gmm3m mm&ittm. mi mm 
mmm mmii^  w i^3mM tsm ttX'Uam*:-
wm t^m c3s»} *t«mt s #f •^ . .|^ »i» tn  ^
%# $11  ^ fllm &t 1^# ^spmmt pteif 
-. hihtr .jytiieww*' utetf* -^ i^ -<it*i«wb v^m..«!a8ta- ;ffiewii«i^ '. ik «iiawi#i'mwi-
@f .smmt of iflb« m k« 0*. 
la «» III mmm%tm wtm Swf. 
asyssnlsflspax si$ht3?jbi8b$ stessss.* i^ ssswl- ws .sipsf^ ss® :#i* 
teeniyit mimmt %» a»Sn  ^Xtf# i3^E^ti»g ta £11^  ^
'issie' 'iniit*!##' '^ ssst^ i aiwiipfc^ ' tilsswisl. ss<# *^' 'ssl^ myiis'' 
mm. «t m  ^ a mi^ -^  m% 
-@w«8fef;i»kt -fasta hgm s^ 'lel^ s'l yilit:tffl>i«fl 'ifswlss alinw' 
is^ sp  ^ M '^iii .:fci: '^ m te s^ &t 
mm: i^ ia3a«sii fii# -iwwfe -m$ -'immmA s® §#«^«r ' 
2  ^mmma^  @f mmfimiM m% «,p®r©ae|»^a# , 
Jiiu  ^ '*8W t^oti66'%iV «^"ijiiK'-jiiL .'Jft 
V 
\ 
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ii^ »: |r®|sar»4# statijsg ife# &t 
'0$^ i.mmm  ^-m^mmm «*  ^m#- iw?«i^  
m4. for tl»0# isa«t@s«j,iwi Immlm wt-ttite ifdty 
'stoss ssilte' smw' s6siis'' 'fssbd ini'' 
msSirn  ^te afif« si^ i^ m&. ctliate), 
m  ^ MsWrn r^n-m.  ^»st 
iBg SMsoaal mrlmtim t& tSM pmpmMM  ^ m& ts^mA W 
t&M pMm pm^^* & rktrnj^  ^-wmm--
:h®!^ ' sstiss*'- sks "s'sssssss'y 'fts 
mmk m paa»«fti9 ant itm »Mtm m€ 
mm^mmt mttrntlm. fii^  mM '^ # 
la »mi, of -ef Mm 
fiM wmtm MmmssB^ iM m2Atim t& M 
Wm- #t mffm?m§ -W Wm ttltm* 
Oautioa was ur^&d fey tite isrlters ia attempting to eonreiat© 
f^il# aititostts- -lampmgy###*!**:. rf ft. •••i®a*si©1llst'' 9# 
im «at^ m3t pmiir^  
%# It ipa» Just m Itoly m* 
mm m- ^ F&mlt 
wiitip3,i©fttl^ m 0f «iil»ls 9hmvm  ^ #% ttet ijatrtiemter 
m#t iiirsrt mwm t^ %» 
tha ooaoeptioa tbat p3»to3oa,or aay other animl types, are 
itt piriflmtlim* ajilBiais mam 
i^pli 'ftsi- i^&^p®if*|piai#;. 'sji, "1^#: ii :#bmdltl<ibg; 
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M •mm, ^  «. forms P3wrii|«g  ^«t 
im ftm» 'ite to parti^ ijy^  mm %«-
ummt.  ^m mt «ijr^ «»3?® i^atiim 
mm- m  ^ •^  ^ *» 3^^  »iti&ism 
 ^ «f ^im @«# ptmtm 
mmma (im) <«3atimued *9rfc ifel^  te®« »-teart@€ 
%f sir@ai©r ^smit :te- :iitl.-bs„ cwm-fe 
lliftat-iii^ iiti^  frc« . 
Tkim mm sf ^epee®#!^ tfe« TOito^it , 
aasmls %#»»»» Wm ftla hm mmm wrnm :^ 
mm to fiM mM -mM, m 
1^s«« ^mt til# f»* .^wfiag f#3« m "life#. 
1^, mt ^m% 4«riBg tl» i^» mt mf 
:^ ® fil'^  fritii -mm mffxmmtt, m^m -tf' ;^ «itei!i» mm-
tomft imm^mm mt il|!»#dbas« 'ft*: 
itt@xm$# im p f^ttlmmi^ fty it wm 
Wt.^ 0 foziM %w "Wtaife -wjattBiWs -aS^^SSi  ^ itesw&.. 'SI# SSls 
vm.t%3M «»# is».« 
Apila* #f St s^3JE#a fr@-fe8>-» 
swsiiiisea -ijgfi* |^ ii sls-w;<l« •* wW^WWHe - *- ^  :T? .H IU jijp) JII. iiiiwuii^i^y. -"ww.v -'•-" :*--^5ii#.*i'fJw I'lji ,«.. 
and, by 
mttMMBi: tS' 'to wm^w ^mrwt «»isi«%: ia fmm^-
tlm a »®« fill## 
m^m cl^ sil -^ i^ ' ims^ p: ^ ^mxmtimm «* to plalafi^ m 
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•fey sawto m& Sswl® .« .^ %f Dtirteg ^  wii^ r 
^ *. i^ngfeed immmm t» a® 
al>3yi Mi$s iai1» was that tk@ mitm @f fUfffiilattw 
:f#lli3i  ^ ^l^mXf th® 0»f6@ for tli# tw .putt#* 
^ mmt» m^ mmlts M .e8a#a»l mmmM. t® 
poSmt 1^  ^^mmX variatioa at m# «ini"fe0illas fteter la, 
mm^r 0€ i^ tozoa 
la#l^  clttil «e»tra©t@t % .«ilfetw '^ :«il« 111 to i3#€ «aa 
^fc^bl© ## i# «ii3..#- iteWsSsS' #f' -Ift# WS  ^
•tatoa .at Xwm%M* • «>s0l«0l»4 ifet© -
«i^ i|ag- 'SL mwepelmim 
ta fiii?^ wmXlf a«ma»latim ttf ttlm. m 
of t^e fila f^EOT ©I© tlJap I m f t  is. p3la@© 1^3? a WBsldero l^ar 
'W Wm -«»: tttit# diff@r#nt fro® «*;t f:psw Ml®® s©i»f»t-
ftM m# of mrtoas 
' 'Itmrnrnmi<mp«»sabss* bmssb'-'wbb* 
a@ ®[M»t "im^mn ite miss^  ia oM m  ^a«ir 
ftlm* ®li« fito m0 tmM. to tef# jwe# cmt a -iw^etr 
• IB iKtii itiiiii m tiiin- •#" • itHflffl •i«irt' i^tA '-^ 'Jkr- rfe^l .MLWea' 'BlliL j/.l Wl'.'l'llatjCtlL'liMJitt-'t-Xjr!!. •'ani • ^--11 '^ 
.OMw WwmW: 
tiM* ia wtm «€# ta H# mm ©f tfe® i^wat®d«a 
m© :«^JiiA wmm.^ It m» • 
fow4 tkm out®r lay^ mf ftlm -mm ^ m3^ Jay«r mteh • 
mi» mm i^ ^hmbly am® 1®  ^ 1^# 
:^ :t. .^ ii* .-it' im -iitti •«» mm mmm-
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from these ol>@@rvatl0iis oa me film tt was coasiderot 
tmlt# m%4m  ^ that m wtt^r hm Ife® fila th« aaiwtS 
lif# miataiaed itself# Only i^©a the film ^ ts too buJJtey 
slm^M &tt i® ms" w^m.% Mmixmttm  ^ xtf#« 
s««m mttm &f iMmtmrnmO. 
S'apitiy wmm&t tlM mm m% «tt S3  ^
-gmtrnt m •« mtmX tttm 
la Mi«f ftltwr* It was b#li«¥»4 tMt tl® 
•&i thm flM i^mt«la©4 Sts l^t mt m i^rstfil^ egleal l®w@l 
latea «t. a aafi "feat f©©t-la4«» 
trii^ling mm m» tii@ 
;1sqptstl43il: "^ '' 'vi#' plssst-
©M m lisll as m th® mm tiM  ^ t» ws^n  ^ it 
im# »istaia s^ l^ at w»ia» and qth#r l&T^m mmrn 
prlasii^ lf %f hvse^ rntm sirom  ^ ft3» mtil 
it heoame porous eaom  ^ to loosen aad pass out with th  ^ef-
flusat* yj»^at»lga»y 'flwiis, 
th©t th© ®3.oii#i #e««w?«a ^mt 
ia ®f TOtif»r#» m «ia#lid®« fmm 
he p@@ira«4 th» sim^dxm m m slfflpl® mtt®f" 
0f mt a graaml &««twamti<», 
©f mtHtm- then «f «eii#ti»i 
%m&$T mimBln ia lm#.i:»«t ist^ er of 1&# til*# bai@lf® 
(1023) reported that chsmloal aaalyses have shown that aitrl-
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fimttm. wm hm&% rnUmtiy mftwe ^^•• 
mllf with m# SMmmmm la tMete^sa of m# ttmm  ^
mmm @f fiatimgs mmm 'te mat wm tt'im tm 
mipm #14, 
LaeJcsy {1926) found that ia the filter hed aM la the 
taato- h«ti^ »ta4t«a» mm # wmmmmm ^  
mis iftitsh i»» to mm mmmmBsX mmmmim  ^
ttmm. mmm mm ^ mm wmm «i® 
•m  ^ timm * if m0 ,.pr^  mm ri®# m 
another laight use g  ^ food, sueh a eoaditioa would be po®slfel©» 
" 1^*' WW 4it i». «t. 
he halieTed that th® problms of interdepesdenee of protozoa 
'sa4 <&f b&e^i*ia mm tm frm ^l*f«i..» .St­
ale© Mlt0m4 Bmt Mm mmlts 1mA hma mmXmtm mm  ^ t# 
a t^® m&t 101  ^ th# ftogi mttetaftt tjtoiy mtwm: m* 
atti nmm -mwrn,*-
m^wo.® aimsaishm isi m^m mmthm $M'&mmm&*. 
ffys' i«ti C1»E9| «ad« & WTtf «f lii® fa«ia »f iWi 
©Xfti^ iMttitsl ts-i^ lJliBg filter op®mti»g md  ^ mrn '^ 
teoll«d .©aadltioas, fh« is thl® 
fil  ^*w «lirillar t© m« fmwm r«f^rted by 
-fee ssgnlar ,sfri»klia« fil"^jf Mm la pjxin-ea* 
fti» tjyaat«» Wim a tm mtm &f fXm of irnut#, Wmw» 
ms a mur&ftt mt aad fhe flueta-
ati»s l^eh iwtth ^#ughlag mm al«@ ehaf^ ets^ iati© 
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• -^ m |^* mm mmm%- it «wr 
l^ t W& fmm^ fim^mMng *t^  -ki# period#, 
a#t a@e@l»ra'te to ®i©m#iag m m^m 3?@|s#jft©  ^
hf Crosier atad Harri# (1^25). Joa^s {1900} Bade # 
 ^femd is -tti# di'^ osal i>l«% at 
c n a h s s i *  '  ' s i s - i s  s s t l s b : .  i p s ^ ' " -
«id terrtapi iw« ^#«a %a@ 
IITO^) *d© a oonparativ® of the biol©^--
0# thm @f« aad «10».®a »p«"lskli»g fil^  l«is« -
wm ofes^-wt ia t&e statwtl lit® im tai® 
il93 )^ .«»si»(d mpl«s fmm W^. 
littiid trmt tf • ,i^ i&ff ''©i® inas#ll&1 -^
if«# to' mte t^oait f@xw $m ^1 tjiw« r®glm&t «ili^  
-ipiw l®ftst '^ mmm* iM&mw tltml tept a wmm€ #f 
'WS- #^3  ^•i^i1|$iB.'j^ftia: .tit '.ijifA^y •^'. .SsS8iBt.S@ 'SBS-'Sli®' ^  .'iiKt-
tli«# lias & a® nw gj^ slw 
*# CXfitl 'Im IM fl2»» Sis mml^  ia4i®«i^ . 
--iwi % ©f t&mm  ^ a »ai^ A wmmmA. 
mHMtlowk did ®mm m wm f» fi|t« li#ds« 
.smiml *s6''sb i|s*|»tiiws4imb 
mm- t^e- -toto* a# y«pil-|@ iadl«il»i 
,®kw»» m soitas 
 ^ mm rnmmr «t msm^mm nf «i# f • 
i»tiis< %& eiwr lto» «f Mid  ^
•\ 
\ 
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mtmrn W to* «# utmx #ixia%t 
3sti€rm wm pcmtiwt att4 immt mmt%t mtX'Qm wtei m# 
 ^ wiumbi -11^  1^  mm. 
m# iwic, ®ii# mm tmm ^  ^  ^ rfei#«Jyttir 
s"feati®t« i&@«uwr m mt t&® mm-. mmM ®mXt % otte- tmkm-
wi^ m Mftmmt tm '  mm 
itl®© skewi^  Ifeiit %@ fla i^aatw w&m m^m wemmmrn i® 
•'^ -'-lllp^ ti «i3.t«4»8 -mm wmmXXf imm mmTmm 
la tb.® siu4^ «  ^ tefeite to 1» s«apaftsifei^ e ifel# 
a4»tritetttl«w mhlm  ^ttm 
 ^to •&« m&mM m^wsL m  ^ wmm mmMmm  ^ Xw^&prnmmt 
th# Hist t^soE^fi^ -Ki# wm^mm OT^fe«p &t 
jjAufcH*'!. -iLift (if i48t4|ib!6i>yli6ijlW6"ii$k '''IF JliiJiL '^b'^ jril'Mi^" "^fcyAei'^ '4E'weih^^lsidS' -d  ^•'j '^ m-»wp .wep -s' ssitjrwarwt* mmXWmm. *m 
t«it« -^ at -tt# ww© v^ s. -i&t 'ten* 
ssib#s 'iteisfc 1^^ ' in ffttfj^ mtaiiii- ssls'-ss* 
ffcia ®«@lttai« «08, im»ipwfc pwp«ly 
(IMS) »ft@ a 0f t&@ pr®to»m ©f 
"*yiiiiiTn'%i« 1» "affl^jHf'' "ifcii ii|i'|--^-" >^-^-^- i3frr%-fi v-a¥ iiii- tin" -.. -*,.1feL-.. .»-. Mil Mil 'i '^<•«*!••« ,'ilbiuiem» ,^-tiib.^  ^ iifa ii>i ftiii Hi -fiwi-'fi^—>* 'nH miiii St 'at ft" 1wll0®3b# twul^  «®kwni #eb3w8ll- . 'W^ 0^3S!WS  ^
of »f®-«t«» of pr#te-
Bmrnm. ©f g«R@m. #f ®iXla^» ii@if» 
'O0affi» ^im@« flj^«l3&t«@' mm 
•^ rtaiwi «gi»t^ i« M *l« i^ wr* tl^ »« "mm. gl^ fia  ^
scMT® eoiaacm fortas* Descriptions ii8i» gl-fm #f ^3L 
'itosiiw ls#si" isi#i®s'ttss%  ^'1 *^ wisfsssss. imssrillm.wi«ii -rf 
I f-l 
s 
i  
I  I 
1 j 
i 
% 
f 
S 
% 
-4:2-
-mm  ^fimd m» m te 
•wwt. '1  ^ -tliii •««««»» m m^mmM MSmiim 
l&is wmlfi ml# it  ^stedy 
-mm  ^ it mm f&'mA that if 
msisg a4 m»mmf%& $A mmemtrntlmm 
Tasyt  ^^ m. W^QOO to l^OOO^OOO tb@ psrotojBoa wer© lllled 
ma mm ^mm. im» i^ r 
tts#ai wttfei "wa-iafel.® is »sei4@3rtag partial 
:l,3.1sbiss'ib. £11 ipib- ibs6ii®iw' sep-stt'sk- f 
lato It mm fmoM ite» 
mm *t mm-- -^ aiimfewttoa wmm- wM m €ittm»-
«t S"© m  ^ hmm m 
farti©mljtr- f4t««e #f ia^@'blwi*. 
m^% {xw l^ tot«. ••»f' ife#'. f«to- .i» iwi^ -
4m0%i#a isim ft i^wis « asef^ i »siw. :#t 
si&shte  ^'siss^ isbslwi' sbbisswss* '^ w' ws^ i^we'. 'w- ikw&im 
ImtM rlTi93? eorr«spoad to -ttiosB pres^ti la mp»l.3.ttt®a pools, 
t»l» ««3jl»t «@®«®p©siag fo-:raa** 
ii«4 04tS  ^ la l®#ia"tot "itotl.® ia m® 
 ^ wt^ s io4 f®©jms «3r®rti0» 
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f •- w ®btai!oti gyp^^ rirapmy., mtm» 
1* ogmntgrnetiiqii @f oaaiftg gil-^ ys. 
fw© fll-tow, &©i?» «#8i^tist m» A m<ik B, is^e 
fmfm ,ta ^««© &tk fi3,t« m«- «t' «• 
TOodeji shell with th© top and bottom opea. Six layefs ## 
m -slot #f ••«sftr#:«ii. 
»iferips 1* X t*» pla0«4 oil- la«h li^«r ®f aiai^es wm tw 
f©et square and im foot deep, with a fotir' |aA 
tftih #tr ta. »mfliBg, fit* ^mmXL 
ooastrueted m the front of ^oh fiXt«r m -it#' m perjiA':* «»«»» 
•mitXmmt !!**», lair#r ftbof# ws e«ill@e^ » Sifflipl#® frc« 
ftottc® m «tarlfe *»s«  ^ #©ll®®tii tvm't!*' ©mtlflit #E«i« 
Hem « a»t®tl -teiy fl»«d «. 1^ M#t<» of «t 
th® filters# Akoat foar im#t»», ^mm ife# m firsi; 
•ft# « perforated bottoa "i^tat tmt.. 
whioh served as a distributing deiri©©, *a« perforatioas wm» 
ttf diff«r0at al»® is/u 1  ^i/2 sb  ^ ssssssiips' 
«r««»it tit els#''«» trm. ttei -fertpptag to-
@S»«Wit» This made It posaibl® to di©tribute ,ii«wt@ 
#fiiiftlli" ••wwp' -ms^ Mm ©f  ^first lsf«r '®f sliii«»#  ^
filters were then leveled tl«t distributioa m. mi  ^®f tiw 
lay<»s trtm ^p to bettett^  -af isaia  ^ filtiar*. 
A io«bl@ tripplas tiri»  ^.»^i^rlttt' mmm  ^ ,«A#i|tii 
.©f t&e tmj as m -teisi&g. d9fi<ie* A «f 
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tiMmt t& tm Ftg*. I. 
, «i«i»i«i; m- #«§ mm. t- pm &mit 
•&©«# mm W 
•mrw with a saff®f 
*a*«' gtiw .^ -^mtT®  ^ail& m#-
if&s mA mmiu^m »iifc 
m^lntimB wsm !*• m ^mm^' «* flow 
•of the buildijig .:««t ftf#t mm f-tH' Ito' 
•Eh© wfiste was sotually supplied at a rat® of 800,000 gallon® 
fiir,«t«t# pm- <200 ateitel fct m. #f fi?« 
lo-m &oa» witfe  ^r«t f«2?l«i- $f ih-m-
'la •tofsflfi' te' •sb'teltt 'fit. nf '^ @ 
frm Mjwp t# 'fe# 
tioas, # mall «olleetiag tray 2" x ©» and triangular in 
...-•••* • -:- • •^-- |n-|a|||- ||.- -•—- .^- A  ^ O if Ik 'rt %l> *1 '^ nftii''t ttf-illi'nil' 'JiBl6ia>- •*- ya mi 'iA»'«ife''d|i|k«WMilll  ^ aHiydTifcll ilt' W^S- JMqpmw-m wri^ s WSmm 
m- m «iall |^rti« of tfe@ «efM«t fle©» 
lsy«^ 'mm !»• % mmm. „.«e:^iif 
bottl®, smtf©rt#a m, -pf' a# fllt#r %y m. -^^1 
shelf* J. saaH ttt-
mt to ®r' ffct#-
ml.® it ,p0«@itel0 t«s pr©a®f*w ib# #ffl®«at» for la%«p 
i 
I  
s 
1 1  I 
§ 
§ 
§ 
I I s 
1 
$ 
f 
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In of Mi# f^e© "Mw® 
W tak®a to g^t 3Eas.t©rlal frm • 
tte «0qlt$r# wnw. r^ ®l®@© ^wfrie® 1i& :^ 
eoll^ot^a witli the aid of a flat bottom sietal tray, 
' • about cm© is  ^ ,^ st. ^mm0i to slife 
• of the layers, • 
of ^ 
.' tolow  ^ (sixth! 
i^mm rnm'^ MWmm  ^ m:$mm nkm tai^  mm 
m m ir fisftiaf. m© miim%tm' -toy •*&# #t 
the r@£^p«tt¥« lay^# ©at^liiag tli® <ifflii«at fros W$ 
lay@^ &'fe0'5pa», ataftlmg with the #ffliib®it fmm "&m 
fttni layer and iforlcias i# tt im*. »l«tic«, 
«» biis pm&m^rn art® it poasibl# 't©  ^
colleet -few. «# 
filter at aaeh oiie foot depth without dlsrapting 
of m«s# >wpl#s mm 
mMm tt ^© la'boratory aad the 
^Um m# mm* rmmimlm 
mm .^ -mmm-
aloth to xmor^  th© protosoa is&ioh mm pmrnemtm 
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filter®! »Kterial was then «s®d f«r dicing 
oxygen i»tsrf®iEU5iti«®# For timm 
m®  ^'tek® lltiil mm 
ployed* 
"A sampl© ^ioh will rediiii# ,t^poxiia«t#l  ^IS #»#• 
of Km04 W8.& diluted to 100 c,c, with distilled 
mt#r* fo "tiiis- 10 0,<i* of l/S %S04 mm add®d wftti 
S5 e*e. of The n&ole ms digested in boiliag 
mt@r for Hiiifty omfel© o«iiti-
maitmrm of a#ld m» add#d ®t the @ad of the 
thirty ainmto hoiliag period and after solution ims 
oomplet® the istool© was titrated to a pinS: color with 
'A d#t#mlasttim ma ..out ts, 
maimer, using 100 e.o, of distilled Hater*" 
aft<«r oxfgm «i«»d imm 
a »fmty^fifp o»o» of mffMmt 
m.^  iMim trm ftw i»» ft. 
jSEHfitll porcelain oimtaiiier. ^Ehre© or foar eiaders 
were r^BOved l^oia the top of layer No# 1 and ttk* 
film washed off in the fS e,c« of rm materials A  ^
pE^Stsatelj' lai© »aH® Milber of oiad#i» w«r« r«®owi 
mm it 
lnyw Ho# - !• ais i>r©o#dttr» wms follow  ^wtll. m 
of flM ftm eaeh layer of the filteir 
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©btaimsd* TbiB partioulm *#s: «»«4 :im 
toat the organisms la fit# flla «ould 
fm m liquid similar t-o ttat is I4i®j w«Pd 
fmrn^*: ^ msMm til» m 
froaa the layer Just aboT®, the s^di*' 
timm 'wm0 «ty @xt#at,. 
m® #fflueat tWm 'imm  ^ mmh ©f 
the filter was takm the laboratory  ^ «®imt 
of filffi wb 'liieswiis ''^ ' m' 'di' €«@» 
tftssi®. th® liiltlt wm gmdml^  , 
:|# :#»#, ia 1/2  ^ ®»®* 4ifti}l«ji^ » ais »at@ it f^#|fc:|« 
 ^-mmM a»»mt mt fitm «t«ii, • .^ 
pim|^ #» d t^^ adam** 
mm wm. m ,t»mits fro® 
; f A .  « i i  t  w « p @  r T O o r d s d  e a i  « ^ s i i t ®  b ^ e l t  
a# •:®rtoat «t Him #s#h Isftr wmm 
thw 1  ^ -Wtts-tisi:' #lf' Sii# WkW$MW&. S@MW' 
p?Ne®«ftt, 
( 3 ) #  i^ aiti^ .'mA 
iteip w'stosls^ ' 'i&# biisbssffites'* ssd 
|^islri-i|.. :«ft^ il ,||g|. ^ulSLT l^ls88?sii8n* 
1 .^' ^  w«r® 
•lPK^%i«® msm mi® «ft«i ® 1« m.m» 0li|««tlw- aai, 
ataad lifflmMit md film tmm iMfrnT mf ^Wm ftXtmtm 
^mm %m!mtmm 0^. ^  '$mm»^  mf m fipett®j. m -tit® 
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ing ehamber, the aaiml fell 
in 1^# m •^m o«dl«f wmm 
t&e at^ @3? 0f 
wmmr^  tT<m feta mmtim 
mm :i?#rtXl#t mm mmmtm, aai 
©argssiwa ttw twt »r# i?««of4#€* fliis 
aatil 'W  ^
tvm m&h msml^rn mmmm finsM 
n€ tiii@ wwmmm m m 
^^mpmimmtl^  Jk f|.#la9 w#f*@ 
Sm 0r^ $r M m&wm m wmh m 
coimted in th© liTimg state ns^emmr pomihle, li 
M fm msi^Xm @ilia^s mm m Mt 
alji^mt m «aiiia ant 1i# 'mm  ^
«|# la Itii® mmt. pm^sm mm 
l;<fiiii; i^ - 'ifef^ ehia :^ 'i^ '' iftpip #ip 'sasipifbsl swlttlstsis 
wt  ^tJi# tip of a glai« wi  ^
mM0 la the mjsritf of Mk» f^sm 
a#S 'IMfflrlWto te a?iW«»Mm/g -Alffl6Ult« 
»ft» 'I* irashlag m@ fila 
••«ii *im#* -'tlto aaab®3r ot OZ^bbSstoB ^r'^ . •''StiS: ••gaey^^^-
•^ jge t^t.ls^ #s6 •pi$'" ssbsjbwltelw #f # '^"i» 
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in the following laanaer; 
%M m OzFSW liitip' '#«!§• -©f' fila* 
t# f:,]^ ,*p,r,.,n a mmnSMm @f film*. . 
% 
T m f l^mm #f ®fflii«iit fias flla  ^
O^js O^gen &ommm  ^ of affluent plus t^e film. 
V*« ?©ltfflHt of 
0js Oxs'&m mmswm  ^ %# «ff3.tt^ t» 
vjpa fll»# 
Organi^  ^ per fleM* 
i l*«^» 
T a Yolttaa of effl^mt pl^s tii© film* 
"^olm.® of fee fite,. 
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iipsRiMEBTAii mm Mm 
aa,%a a®€ 'vm&m fmx*- hB&Mngs. m4 
•&wmmrimA i&' the aeeorapaaytrng %m^Xm &M graflts* " 
f&T eaeii p©ipiM a«i to tb# affsMiJi*- TM tw® 
A tod B, til® s«»# w«st«, •  ^ 'a all 
ware l£:#p* «* a«ia»ly ttot. smm m ^mm Tk& • 
mmpl6B were mllm%&4 .iwms 'la&fk filter® at tfawi seae ti**,. aaf 
fcli# »».witltta- 'tm h&ma &ft®r %M fils ms -r#-' 
»#»4 fww t&# sw l^#a wmm' mmr l«f% d-tumiiig $» 
tk® tl# -siMits war*® *i#» 
a-*' ISMI* 
fi&i* tha first s©Fi©Sif M imw 
»ppttm€ fe# the fllt#yi: mt m rat# «f fO© «•©# f«:i» atrnt## 
1 mmfi. b «§» wall ©^#rt»®tap «« 
lui€ 'tlie i 'pei? ©©»%' allfe witsite fei*-
mekn* at«lf€t ®f tli@ tw© ..mting 
c©b«®iitf:ati<is# #f ®kia-milli|f -l»t %«©» i» prm^ma f#j* 
* 
t 
Mm t isbe* 
fh& ftPBt l&wm 'both #4.' a:latl«r tyf#.® ef 
fl® »»t mtowsiamt' fmmm mm. tl® •@13.iat#-«* Wtm 
w|#rifcy #f til# wmm- #p©$ii©.s ©f tfai 0»lp0 .^|, 
•Vr®»sm, forticellap. i»i. wi«« m few 
©tbsi* g©-s».i*A ,fr#s©nt, tet t&®s« «few&dsttt» ^•?iag 
tm f%mt- ^wt.mt this .series, mm^p mi #il,tat@p »«# 
in A, is filfe©*'' B# *#• »#t €«# <«§• 
ft incrmmm:^  '%m.% tft» fr»##a©# 'fap 
Meffibeyn ## thts .gaams fmr- tti# fteiit- twm 
At the . @»i Skf liML:S tS»6- #ii#?pii*S€i i0i€ 
m •^ m- wS,^ h #tter pmmmM'* J^st 
troikas® o&et3ap:p@<t .eaa iwi ©xplatnsd ®t fi?#s«B,t» t©t«3, 
©©mt for elilatea otlmw th&n tJronema ttas fairly o®iftsti«t 
lag t&®; #atire s»s.#»,» 'fi® t©tal. e«w»%- wwi' 
tb© San© t» botli filters• J^do, «6»i 
mre tlife , lldl:i@|i®is:,j, rtfttfih*:®#. 
'miA nsmtdd## -mm. im% a# -smadiiiat in first 
•tee f&tml ##mt» f#r '%^m. .grwfs wm?m fairly ©•#»«%»% 
€iirliig the enttr®- s#ri«®» .asifi. th© t»o filter# ato®  ^
tl» d«a® uwBihQT #f iadiviiitesls f»r ©»©# -©f fila.* 
aaalyse# &i tuaple-s 0f 
from til© first f©#t mm-, fairly e«iparabl® la l3#%li filters* 
fim 'iw^mia doiit#»t sad r«iia«ti€® ©f solids »t» fatt# .»fti!»k®i.# 
:f®rf llttl® »i:trit» •®»ft .«i,t»t# *«r# pr®®tts«€ •»% .tMa 4«|»tli tm 
©itlier filter# tli« ISstttlvtd Tolattl® »©lids «ire sll^ tly 
M^tosr la filter S ilM'isg tM- satire s#ri#«# 'A mt 
#M«»iestl results ts gl,*«a ta faM® II» 
s#eom l&ygr* 
•f&t 'p i^fd k^taattag ^a#ra to tjte la r^ «#t tl* 
siai»-•«» iii the first. F41t#r 8 •» stt^t iiitriia#® la 
"iwafeer ©f @illat«*# flift tvtal @ilt«tii ©#«st f©r ftlfe#r B 
•»a» e@«sid®ratoly lowsr im tl» mmmM lay«r tteaa ia fir«t#-
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flm- s» wm- mf cilt&t®# l» filtatr m. m»# 
its®, m%mS, f®f -fiimt mi ftfe® »mm -iBit €wwi't# 
» mt *11 ^ ^empwm mmmtwa, ma&-
•0»ip€^«, %m 'tto# aia#i# 
•iaw#«s© i» ttittmt #f ©tiiat^s ia liliSs ftlfctir #ta 
t# * $mmmm  ^ im %im. ®Mto«r #f tativilteal*:' »f ftfe® 
gmmm »ntion®d a%#»« :*• 
t®tia ^©«a»t nXm® «f tM •^ • 
mm »^s 'Hf • elllat#« mm «%«% ^m. »'9m la b@tli 
t©tml #f fS#jg@iMifes0, mS, 
•mmm w#a?e slightly I#*? tn th® mmM filter#*. 
^mr&l trend %|1»# #f a.iil*l. |:|#« 
Vhm «.«». in tMs layer te filfcitra A «tt4 nitlt' th® 
«eeption of ti». ••ftf t^Mm S* ^W» tfpm @t 
wmtm #|*tlar Im b#fch. fili;»ii* 
ChdMieal Bmml^ mm «f tli« ©ffliw^ats trmi ti» tilt&wm 
»t ijliisi depth fn^lf ««» m 
iaereaa# is tli® aaiwit ©f »iti?it»# «i»t sitrat®s rssaitimg frp® 
s lt#®x»©as« of the «^»t.ii* tli»: aitrit®# iiM»« 
ta filter A tb  ^in B during th.e first part #f ttoa »©riti:% 
Mt in both filters t&© nitri'ces and asffiKmia 
chejsioal analyses mm iS- %%m 
fmrd iftgjtr# 
la this iayiir %%& ®iliAt#» a.iill %mt tlistr 
aBB»i>«rii wr# e#a»i»^at% Migtor- ia S thus ia filt@r A» 
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M Wm mt' #f ^SMmtmn 
f|t» »»«. »«!.©€ «ft» mm :«t«»lJ,#i 
•€«p4.af ti»« •©stiwi. im^Mmmtrn -fM.# ^wmmm wt« m&t mm 
«.p#jeif:l«.nm-f r@lat@d t# a ©©rtalut m mx tms^  -SM tli# 
s«@©nd l€i5«r» There ws# an increase in th# swber #f 
%wAtvM'mt&- mt. tii# fim pp«<®«tia«%tBg 'sfe'ttspm 
mmrm. «a€ tmt w&m 
Mv@mx>,. f&r fcti« iaerea#® •«&£«& #®ai tat mmm MM th» 
Im filfcej' &. ttm g^mm mm mhmmt tb® .®aa@ mst ia fittJir Bg. temt 
%-h® mmMr mt pr&smt wm» JBalite® 
ttxtm It, 4 a, i»,i'*«€ .ia ' 
©iliates ia %m^m* la fllfcdf B' tto.« 
wM,mp^^$ aai imm: itImaitBi i» tim 
thir€ tlias--ia -%}»• f]  ^ twai ^wms 
Mttrnrmt in tM-S A. in ifeii't tke tufeal.- #owit 
^gipmpa mm !#«»» tima t» tta®- $Mjm mbmm* 
Tim «»#esite -ftiialyssst 'ttoat i® i-
mitrit®#; mm s«a®i^t big^i?- tl  ^ia filter A«. 
mitrat#, fmms.Mm.wm -mm mrk^S ia ttMm B, bmt tiiw*© m# 
..»» gmmm® in b^th fil.t#i»& At ishis lev#!* 'ffe© ®«i3p^aifc# 
fr* fcia® ' tfeow#d a <list,ii»fc 
in ®»a«ttts aaao©iat@€ irith tli# aa€ 
nitrates* see table. il,». 
W&&%h xftycr#.-
ei3.iat@« wr# ««• t» ttiis 'Sh§ 
fl.ag#lla.fe*5,p .yslitfi!3r#.|,' «i4 sfe#»©a a 
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inop«a## te mm ttos- i^i#ml. / 
Awiattfctag #rgaiil«*s mm- mmmMm&Mw #lffww% ffo® tli« 
t.np#-# fiiiiiit' Itt til#' My@m- The t#tal 
ms s^ellod. :tef tiii p»s#»®# #f m 'ixtgrn wmimit #f iwtll 
f#«i #f f&s ,»®#t #©»®a &f 
wftf© Suplotit*,. ^«a«. * tm 'bat '%hm-
• mm- 'iiet m'kmTs- tja® s#»- m- t'kmm tmm& t». tk© mpiitr 
•%«t ia til® •fil.t#!* %M© *iwb#i» wa«. tl® ssm«- «s .ta 
%&#, thtrd. • 
fb# «aly«#s jpib» ttte jp#®t to#tb fil.fe«i»«-
m^m&' » ft# f»aa#ti©» »««• t^ »wligfc 
ta filfco?' tmfc -11. ^mv&X $m^mm ia wm& Mmr 
»J.tytt;-© -md mmmwAm »#• mf s» 
wfefa mmr*-
m tMs' '©f t!ie fil,t#l« %!»•• p»®d®^tiatJ€4.»:. 
mrnm -las samaHi" a %mg& ftf ,#aiai 
me »Joi»ity wmm ^m%% tmrn^.^ with ' 
th® -iiost' .^sms.# 'flfce»- al-p» &. %&gm @,f to©.©!!®^ 
a»i- laipge sa»«b«i. ®f fete Pr©tem® tfm this it'ft'feh* TM. t&tml 
etlla%# co^mt te "befcte. was- a'^ii 'lew#!* to' iliis feisaji Jto 
t.fe® lay®r above, 01aue:«iM,# -sM ^|Ftrleii.a fch# 
.»©«• -©waon genera* Tl»^ «tl.tat«s. mm- »®s»# #f te fiwislfe wawip 
tfp«a fwm st»««s mmm^SMg fmm *ith • 
tfe# ®f %im iie«t#€««,. gwa^ral t»s<i *# %fe# sua# 
I 
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to 1 m !»©»««« m t-ii# 
Btiab©»' #f whll# 'ts A *» m 
decrease* 
•fiM e©j^®4t# tii&ifsftt m^ md. m %mrm&m ia. 
aitratea ani m la Mtott®#, a»i. #3Pjgaal© 
a«tt»F' •«»» ia b#t& 
filters. Se© Table II* 
sixth layty.* 
The fatma of »te%S My®#' ;ta «««ih fiS.t#r ms. 
%j mj t t®w9m%fi f  w i t h  f e e  t y p e # -  © a r g a a i s f f i s ,  t b «  'Mf@T 
Mt 'lia to#th %%mm -mm .»»» tm th® 
t©tftl ©®«nt« thte, 1H fifth Is^w# ffe©.tf»t»l Mliitt® 
fluctuated more ia filter t tlmn ia fittmw- B# fMs »ty hnw 
fe««i» -^0 t»'-« #l#ttgfetag fla#© is this 
mhetafc 1&S- -wt •m^tm.rn eiliates $m 'this.' mm. 
m% wamw&m «s •»»«• is th« Imy^i' «te-ov#* 'fhia was. tm© 
#f 'h^th filtda?®.: fitet r^tif^rs i»ei»««s#i fmitt €wi»g 
th# slight nlm^dmg 'pm%w& i® fllt@p hmt tls» t#tiil ««mt 
tm h#th^ filtwiE ''mm M,^w tii«i ttoi t#t»l tm^ 
th®. laf#F |««t aM»»# fh#, mm.mmm mtoi^daat i» thl# 
t^mw @f filter a ihai» m iiMm A# ' S»'ijBg th® fip«t pai»t 
•th© »#ri## ttm a®»a%0a® mw»t9' mm atoweil a. 
ia#r#as« tawai^ -th^- ®»a mt tm s#rt@«# mm 
.»st .«h»a«jtfe t» filt» 1 with • ^lh« ©se^ptiiiii mt the-
fiipiit %m weeks #f the seriea, this wa» ttw .*1#.# #f 4» 
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fh® in botb filters.. ffa« IdtaX 
##imts w©r® st'ftsilar fl^st 
&© vmm- a^^niat to fill®!' &* 
aitrltas mm^ #till 1mm Sm %k# mixth Xay«r t^stm i^«y *@i*@ 
ta %te.« fifth, ftm ih#-
sixth lay^p was ««lx lower t^n in ai^..;#,f tM# .|it|'©r3i 
•fM w&sults for nitrates, a» would b® 3Ste»i^ a 
inereas# fjrttii t&« mf the filter %#.• ttoi--
There t© .iii&t#^-*• f^ -g t^sriw  ^
wwrn^ml of orgsaS,# tfe»''l»m% «s it 
trickled' f»m&. fc@ th®' %#tto» #f • 
mmltB #tetRl»©4 »ga®ie •€j®»stltii®atsp sti5rit©».||, ©xyge-a , 
ant ««r#y.'S8' « rml% l@w«»' 'i» tli®- ', 
Is.'l'®!' than in «»y .©f th® Imfert &t aitiPafe## mm •mm'h 
M#i«r %m tl4« %©ttea 
A Bnmmrf ..#f th© t^tsl -©'©ittts f©r filtej?' A aafi, •&im 
given in Table i». 


Table I, 
S0ri®s I* SuBimry of Qg GonstMed aa^ Niaatoer of Organisms Per a»o* of 
froa Didder Filters ReeeiTing 2^ Skla Milk Solution» 
''''tom. 's '•' """-'i •" ^ •: •••••••• • ' Y' •" ' - • • •-•'"i 
Dfrpttoltluit®! I Total : Otliat#® i i Rotif®!*® t 
.. . i . . t mm^ I J 
2 J « ; 35,458 : X»126*000 : 091,000 J 1?2,000 : 145,000 ! ag,000 : 36,000 i 
f I w t 34,835 : 984,000 j 515,000 i 149,000 : 13g,000 : S7,000 s 41,000 ; 
4 I : 40,113 I 977,000 : 3il,0OO : 329,000 : 177,000 ; 60,000 ; 08,000 i 
$ I « : 48,141 .* 1,153,000 : 861,000 i ^75,000 t 312,000 : 95,000 : 77,000 : 
.#: i.. ** . i $B.m» i fgt.OQO i m^OOO $ 384^000 t St6>.000 ; { 47^000 t 
. fii%^ B. iBmt* m .te Mm. m. wm) 
g S " : 29,121 s l,0s4,000 .* 584,000 t 146,000 : 110,000 j 58,000 : 91,000 : 
3  1 " :  4 5 , 3 9 1  :  1 , 7 9 S , 0 0 0  : l , S S g , 0 0 0  :  1 S S , 0 0 0  :  3 9 2 , 0 0 0  :  1 2 8 , 0 0 0  t  1 S 5 , 0 0 0  J  
4 t « I 51,830 t 1,730,000 : 606,000 i 357,000 : 465,000 s 157,000 s 143,000 : 
5 I « : 47,0S2 i $,070,000 : 554,000 : 324,000 : 506,000 t 102,000 i 168,000 i 
I ? «* 1 B7«^Q t 1>5B4>000 I 316.000 I 317^000 t 406.000 i 193^000 t 314^000 I 
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t.» SeHgs H* . , 
mt 'Gmm, 
ItSO fee Wmhrmt^wy M, tmim fim. #C wa#t« 
mm MmmA t@ %/B f&« miim ®f fMm mmmimA, 
wmm aa in the first, series, til®, filters mm irt@i€t»g 
titoe hi^ percentage ^#C nitrates cbaraeteristi# #C 
f"fh® tmiiirii #f .ftlM-- •«.#• ty^ laMslh mmrnM-
t# fe# mMmiMt0€L 'wtte .^«€ Astaiia e^aats -peiw 
w^mr^d xmtSJL »» ©aptmg .tJii 4*;^ 
tit# ftlt^^s mjsm 8»¥«ral tSjmn t@ ««» if mm 
aarked changs in tb« types of organiaiss pr#:»#iit# 
filtw A filter i %hm 
«ft@r th® 0«Hft©emtrati®s «i«f waat# Ifei total 
irawtesr 0f 0P@^ls»i: in -iMatli flltw t«it# 'impifilj 
after the second day.' fntil sloughing <>c©Ta»@% ww 
in tfe®.-. tmmm^ ©f ttm -wmlmm 1^. 
t#t«l -Maber #f .t^. m aMPk«€ 
iaairtase in both filters, Mt- tl». comits firr ftlt« » 
•#a M#*ir tNus f» filter A* t#tml »wfe®jr 
#r ^iliitt®s waa 1^^. 1#*# «t 
mud r®tif«» filt^rt" mm ant n* 
«» .In the first ilwi' ^ «iMi wrnu*#* fto®- ^ 
the. tff#s #f mm ©mtstsj^tog ia bi^tli. filter#-*' 
First ISISL* 
The trans it i»«l ift tim' nf #i»@ini.fias- ta til#. 
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122SL* 
In tb® second Wmfm a-. 
$M tlie total coimts for *3.1 the gpoaps with tJi# «i:eeptlon mt 
thm rMzof^ds ta. filter In tliis tlSf pM®®p@ds wmm 
fmit# abtmdaat dicpimg tfc# fl»t few «#®ks, »€ ,tfe«s iti® 
dpop|#d» ®i# »«t ©lliftiea. wrs 
SMI.#d©a «mi. Bi^l©t##*. g«#ip» •»§:»- m-smm t# fipst 
%mym #f both filters, bm% tli« te€ letal 
mm meh lower in the s6#«&# Ife® »€ 
fl«-g®llates still to @f Mtli 
filters altho the total #«t%s im both filters iv» mm% 
fm tt^«» in 
fb® wmm^&X #f s#M#« I® ,f41t@3»s «#: a#fe 'Maisffii *% 
tbi» detth* Tbrnm^ l3iw«it,8# 'to Wm 
Kltfm%#s is ti»-- #f tfeft mmwM. I«f«r la-
h&th. filters» fli® aitt»lt# -inid. mmm^m mMt-mmt #f 9 
fF« tfe# mmmA tm%- mm- ttei is 
#r th© fllt«i*a» .iglnwtieNii ftmlyses 'mm gl'ws -fa ftt%l© 'WVw 
Thlvd la£W« 
At this d€!ptb etltstes;^. flftf6ll«t#s 
Mi»- al^awlaiit than $M tfe® lityw? ffc» 
ifsip# SMISP# »^»^3:^ws %m -f3l3tt#i? !• tiiite. $m 
f i l t e r  A »  I n o r e ^ m  $ M  t t m  # f t »  
%li» tdiird Mymw •mm -e^apacteyisti# «f fctUte f:tll;#3?iE«-
Bi|^0fcos^ wia #f t!» 
^ tfp®« ©f la »» -ill® 
«£) to 
:i ^ g a  
SI 
I 
® 
g ^ 
I  S 
•g i 
s g 4J +3 
*d n i « 
* @1 
# 
£ 
I 
•4^ 
fe 
I  § Is I 2 t 
m 
« 
irt 
« 4i 
I  
&-. 
I  
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I 
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flagellates somewhat lower £s tM "SmgW* 
ipM-ispit. #0mt» fmr- tM-i. X%fmr %m ftlfcer S ws.r© wm&h l#w»3r 
tUmm in th« laf©f Ir fil,fe#i» 1. tM«F« w&s m sli^t 
In total jii»feei» #f ox»gt»i-sas %fe$ foot«. 
mmitB ©f aj»i tmr thSM 
:I®TOl Itx both filfe«r» wmm fait© w #t3fe«ts®« .fi«r 
111# fourth lay®** . 
The nitrate inei»®as6, with a decMa#® Is iiltrit®# 
iiM0»l« WBM q«lt© mfl:##* S## a?afej.© !?• 
Sl^h 3SS5L* 
I'he rhizopods In th® slxt& layea? mf both filt#!*# M. mtA S 
iwi?® abmdant t&tn t» my #f tlie ippe'r- •la^m* 
flag©llat®3 .also shof^, a a»&#d itieF©a.»@ .t»i t«t»l mafeai* 
iMivitoels 11% ,%Ms tfpth. ft# ©tliat# eif®at tm filt.©:3? I 
was 'spytodly ©rifeaa©## fey tli# |s2*s-.»#»ii« #f m mrnS^T #f 
•.Ghilodon and fiuploteii iaaa m jumUm' -$:f fl^s 
clllates in the sixt& .My^r #f B iPti^- «l»at ««»© a# 
to tli« ft.ftli f«@%* 
mm mt msmTmta %% %lii« tm MVbm biat th®. t&tmt 
was much l®wff tMm S» tti# 3..«tyi©i*# 
Til®- ©fflmeiji tmm s£*tfe l®y©3? «©irt;&$3^ m&m Bttrst## 
tfeiJi tfcst. tfe® ht^ef' lewl-s-# fhe mt ft 
f«f##ntag© of Bli:j»at®s at this depth %tat.% tfe® 
mm^ effecting good pmriflestion. ft;# result® mm 
to table !¥• 
A SEJSEffisary '..ftf' %®t«l eomts caxygeii. swiiiiBtag. eoaatitm^at* 
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tfc# film m -tte 


Table III. 
Series 11% Sxmmrf of Og Consumed and iftasto^r of Organi^ias Per e,G* of Film 
from Cisd#r filt@rs HeoeiTiag x/g^ Skim Milk Solution. 
D®ptltJWa@tei C«Ki- i ^otal t Oiliates i flag©!-* : Hhisopodsj Hotifars sM^aatodes t 
I I . $ tmmmlmmt. i . ia%ia i . t i . t 
M IS* IfllJ 
g : " s S7,0g4 Ji;si3,000 { gC®,000 J 376,000 : 357,000 : 147,000 : 128,000 j 
S : « J 56,59S a,g04,000 J g^O.OOO : 411,000 J 3 it6,000 l 10®,^0 l « 
4 I « I 4g,80S sl,865^0D0 : ^132,000 i i 41S,000 s lOa,OO0 i 121,000 s h 
f  » • »  I  W ' t ^ '  t  • * ! » , # § § • - i :  I -  . » f o # o o o  I  4 ^ t # o ^  I  m ^ n m  i  1 0 5 , 0 0 0  1  '  
.  m f . fm  I  sfo.000 1 M.OQO.i m,ooo 1 
^  . . . . ' . ^  ^mrn^m imn  . . ,  . .  . •  
i' tipiljw I t t t $ I » i: I I i g4f*ooo 1 0^,000 1 ^,oo§ s 
i t « I mtm $ »§,§©§ t «I^,000' 1 984,000 t w.ooo 1 lii^ooo s 
4 I * : 78,104 :1,®88,000 s 173,000 I 040^000 i 575,000 : 133,000 f 6§,000 i 
t I * I t I »e,ooo s 513,000 s iis,ooo j 71,000 s 
, ,  # .  t . « , .  . .  i . j i « i 4 i - . i l > l i f f > ^ . . . i  t .MB^om ti^i^i.ooo I  is.oQo s ^.,000 I 
Table lY, 
Series 11^, Svmmrs' of Oh^aioal ^alyses of Composites of Sfflueuts from 
Cin^T filters Heeeiring 1/S  ^ Skim Milk Solution. 
tp[ lOoa.i 
D6ptht of iMilJk: 
iMUi  
O2 
COE« 
?Org, 
W'lTXTlTWWn®' 
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to IB tim Mmmmt -«»i «•4«0r®sis» to 
til© Jiifcptfc#. aM mmmMlm was' is%i# •#f fc&# 
mf 'botil filfeei*s A S* 
Feaa'ttx laj9i*» 
ffee- aa4 »tf« mMM, 
Ibi# 'ft^pifeh. la both •filtwraiji te»t tfee %#«,«! 'iMirofc®!*- -mf 
feelosglag, tQ' Wmnm mm M^#r t» S* 
t»i.»as« which @ee»««d Is ttlfcer -1 m.m 4m# tli® 
tft©jpie-a»«. in th^ nm^w «f MMwMm%9^ $M tm gmm»m &t 
itui one §sm>M^ #f flagijlfttfts*... m» tfe®. 
»@«t m&m^Qn geaMs.'#f 3Pliia®f«As «%• this in 'iiotli A 
•aM 1»- ffe#''©iltafe@s »#» a#?® ia fee f'®#!; tfcasa 
la' til® iai^i? abow* Eupl^tes,. ®a»«i3a»..g^ Oxytrielia mn& GMI©d®» 
the Host #«»»» g»a#m*v -fli®-. @0ie»ts.' mf affieal;#4©»,. 
at this is ttlters & «iii -l •sup® qmifc® alailar 
t# tfawi# 'foy- th0' ttoiM- ' Imfmrn  
fbm ^emlmt im tim at tMs €®|>th la. 
filters agj:»«6^ qiiite clos«ly» nitrate #f tl». 
sat®. f3?om filter 1 mm sll^itly hi^tr' -tia® fmm filter' • 
A,, feut the inereaa# 1« aitr«t»^ teS ItfWii' ^«ai i»M®a|yii, 
ma character is tie «t «ils- d pth $m betli 4 and 1» ®st^ 
»ifey«te ©«ffit«at #f th# ©fflWKits tto •fsHUP.th' wa# 
thaa those ^t»m- the mfe^vs# 0e# fabl® ll.» 
Fifth Imyey* 
At this depth th® fe©tai aasba-i*'. #-f #iliat#®- f#!* '^tli 
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IRIS fiiit# m %-li« #jf tfae- »ert:e».t femt 'it 
^mdual increase Itt total comt was i»tet 
mp%900 Siif3L»t«® 'tsi tejtrl^fcs wssr® tb® »0.at eenaaon 
gmm&rn^ rhe t®tal, wrn'mt ®f fla^llmt## tMs €®ptk mi t&t-
ill® fh0 mm Mr® ai»fi>r#» 
la filter S tlwa ia A* r«fei##rs m& atMt^a^s mf 
tfe® fifth lii.|*r «f filter A *«r# ®@t mm- wmmmum m in tti# 
»«e. l«f»r :«f f i'ltsr fl»- ft:3a •*» ««a# tbi«l«r ia. filt®ir S* 
# ©oadition which mtgbtt h&vm b«€a r®:#p»»sttte f©r th© €iff#r« 
«m0e in the nematodes wmmm. ef th# two filtars.# 
fk© r®TOJ.tf #tetml:ii©d /fr©* -aaalyi#!- of th@-
effluents from th© fifth, lay#? i», first ami' thiril »«ri«» 
of s^p^rtaemts mm $.m filter# A mfi B.* flm 
r«sul s for tMa €«ft!i mm ,tiMMiirlM€ i», II 'tl., 
Si3:th l&y®y» 
In th© si:sth %mfm mf fiit«r A t#t«.3t SMteer #f »gaa<» 
law in the fari^W- @:'omp» ws so^wlmt higher tha» in filter . 
flagtllafest m& rhi®«f^» iRi-r#: th# »»t fttoaaiaat for®®-
$M thit laj®r !» fe#t& filters# fh® t#feal #^»ts «f rotifer* 
f:®r this «tr# M^«r' im fee sixth Isyer tta®: ia tim 
fifth#-. • .ii@ft:h #f filter k showed a sli^^t iser®®«« is 
B«fflateKles mm the fifth lmy«r,#, hat ia fllt@r B t#tml mi 
tim sixth lft-y#r was l«r«»r th&a ia %hm fifth* th® -uiliat#-® were 
r®pr®s©iit#i la h#th filter# mt this tt^th hy the ^tmvm 
©xytrishft, 0hil^«# a»i 0in©tochilTO» fh# total #@«ittta- «f«r» 
a«® hi#i@r • i» filttr I thiiB. is filt#r 'M-m 
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Iti comparlni; 1^ faiana present In the two 
«p&Ft»©nts, it It t#- be noted that the first aeries &f #3cp«ri-
t#fe-s.l m&mt fm -tint- ,gr#»fs af 
|!ir®»#rit in th& varlou». th® 
filttr# mm- mAMm ta -Ife© first tMM iift#r 
t^e filths-^mmm ip©adjust®d*. f«% fc&itfe,. t1&6 «ms# 
of tti® fiwt »«riesp til® filters Mi t3#«a i f©r 
mnt mmrn for s®y#r«l,. wmrnks hmtmm -mm 
tii@ rmmm that orgaaisM i» Iti# iadl'viltttl mm-, mm 
iw^#ms -In thm t%m% mw%m i» mm 
flie results tm tM« series 'ar© gtwm- 'ia ynbl-es^ f msA 
Vl* ft.e ^mphM show fr#«nt; to tti© 
p*©af#,, ftt th® 'wm%mk» a®-|rt-iw. m-f tli# 
r'L TEE A - 1 
% S/ f / y^  Milk Jai.crrva/y fFeb. ft 
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4m 
The ooncestj'atlon of tfe# sklm-nlllc *a* ffiM M 
f®-r cent to l/t mnt #« If.,. mmM rnmSMm -m th». 
tilt mm mmtw%mg tlitf- *«%§• mi>m ©a»tln«## i« liif M%M 
tmA taping Wm mmmei-
mmimrn fii® Is mttmM i»m. mp fe© -ill# fe©tti«B 
#f ««©li mm q«ifc# The mpfwr ©f -Mtte 
fi3.t«i*:a feegaa to alomgh mmwiZy &ttmr ^ 
ligbt d&jM »fti#r %bm l/t ptr -tfiat wst© w«s- -ttpfflSed, t© tlKi; 
filters, tlb# t#ii» A .W3pii«t: «l:Oagfeteg« , fhr-
%M tM-  fg iWk mA %%jmm .»E®w®ir" 
ia st»Ft;iiig:#^^ mA filter 1 alettghed a 6P«#t #«;«! 3».p@ tfcaii. 
filter A* 'tiie fjll» was- ia %fm »•• :fllfc#r,t; « faet 
|W0t^bJ.y a®##wat®t for tM# tmrmmm la tlis 
mr tilts fte was afpltiti at tli® sai« 
«t« -m. In til# s«r£### 
ditiism wei»e 'tespfe assjply tfe» as- In tB»- ii«#e#tiag 
«i%t« tm tilt# -smiMM f®r & 
f©Ft.#d '©f foiso?.w#teg^ -«» # Ktert#!* ti»®. f©T thm 
first till*®® series#-
WlTMt 
fiw faima At tfet# Septh dialnlsheA tiae JTIrst t«if-
t0w til© t#tfti mv^mw #:f 'iattvtdisisiw ts m&h ®f tti# 
«alsii-l groups was •««#& t0«»-r t&P#a^@mt th® 
tban during tl» -tMl?#. . fli® film tm 
filths hmmm mr'Mm la p«-»tw©t m «ll^t tm 
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iaF-ge rnial#!*' mmmhm 'mM swill.,, 
-mm f®re»a ftt tM:3 i#ptM t&# a«©#»i  ^ mmmUm.- 'Th& 
Q&mtB ia festli ta#'r@«««€ sli^tly ©wr thm 
tMrd hm% t»©r®as# ms mt m »ai^i &M tm t.h® 
m&mm #f tti© rnm^immA w^v&, Chilodon, Eiipl®-fe«fir- aini 
tjEytrlsiia wm  ^ tfe# wst gmmm mt «iS,t.a%®s* 
and wmttfmpa were ;3a®fe gttoiBaa«t»t tleplli. te 
«M counts mwm practically tlse. awto fmr 
litFit® f®i*aatim wt-t atmataut at tM,m S®#%k ia 
S t&iua i»-filter I.* fli« mtt@r was mis© 
in th# fQwmw tfesa la t&« latter*: It. Wit f'mm£ mlm tlialfc a®:^# 
Blmghimg «t tM#-' la ftit-er B. feli«ii. te filt#** ^A# 
faet pi»©bafely bti .» tadif«et m tfe® @li®wte»i 
••©btmS.mM# I ®f fck@ is 
:m&m 4® fable VIII. 
Wi.fm laZHL* 
At tMs 4®pfeht w&b m lBei?©«se in tto© %.©,tiil 
MOwMr individuals in -all ttoe groups, flats i»r«as« wm 
-.mrn'm mm is Bimwn t&t gpitpli, ia » tteaa fit 
filtsir- A.m.  ^ M tb© 1 tiitm rtoi«#p»ds fl*g©.iiates im-
«3?#a.a®t lait# r«pi€ly f^a fctoa fe«j^a»t»g 0f tkls a@r%@mm 'tis# 
' 'increase in filter A wa« «!## wry bmt tls© s'rtip-
age t@'tal'"i«imb©F wa« ai>t *•» l»i#t a# is- th© ©tlaer igltm* 
«3Lf«g|iS-iig tm tfe® S »»-s tb© 
lacreaa® is #f -iadlvidmls- .p»es#at* fl» eilisfe©ii.|». 
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aM mm mm mwmmmm m tM« 
tte«» tm f©w?%ii. 
•Si® ^'limits, mm fairly in h t^u 
except tfe&t tlt« ©fftttS® ®ity©ip!a im fllfcer B *a« wotfe 
M^®r tlmn in A* iwcMi* miM mrm mlm 
aZt^tlj h%:0mw^ im i« 
SJath 'layey# 
•®h» i?!iS.s®»®da ia A m&$, 1 !»• 
i,»sip#ii»© ws# *@1?# .ta ftlfc#.!* S« mt. 
feM« |*st thm mmm m to tto« flftii iii|F®^'®l* 
%mt .ta fell# ftltta? Ill# kmmmmm i» 
®i" sixth lay#!* Wi« Wma that to «ay jgp@iiii|i* 
•fli« 8i»fe®Fa -batk • mmp mmh 
In t%3M  ^ B* *Ki# la ftlfcuirs ,^ 
te«fe iM i%t%m A fai» 
i^ifc #f any otinii* S^tl©teiai. %|rtrieli:A 
w»« %%& ffiost «^®4ast #©»» tB tfeS' mtmth ®f te©tli filtui*®,, 
to«t mtw tM •»««$©€©# «m€ mm mmifm iitoaaiamt* It 
i# £»t«»tstliig te.miJt© tiiat t» filter i mw&%&&m w&m t&mA 
® t # a « i ® m l . l 3 r  t t t r t e g  t i i «  M t t ® 3 P  © f  f c t o ®  s ® r i ® # ,  i s '  
B th&f wm& sot af%«r th©, first twm v&mk& &t 
%M» series, 
la tlis taM« till #f mmtUs It lii'. »ia&m tliat 
tim aitrat© :siigW;l|r iM filter S.. tfaa,» ia tls« ^fbrnw 
filter# f&Js i^#-. ppotoably €m« %# tli# fa®t %fea% 
ttaiv# was mm *ater£#l in ttm iw» fete® 


Table YII, 
Series IT. Sumaa?y of Og Ooasiaaed and XJmber of Organiaaas Per c.e. «f Ills 
frm Glader Filters Beeeiving l/s  ^Skim Milk Solution# 
"""iBoETT 
Depth: Waste: Soa-
f I 1 
I I i 
UwaS^^&^IB^iiiilniml |i|iiiliilii«mliiini«.oiii.n)Wwi»Ai 
t t I 
40,000 
58,000 
49,000 
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I 
«3 0 1 
Table Till. 
Series lY, Simmiary of Ghejaioal iJaal|'©es of Oos^osltes of Effluents from 
Gia^er Filters R©0©iTiag 1/2  ^Slcim Milk Solution* 
Ob i, Qm» I I 
HOg : HO3 t iSTg : KJ ;Org, 
iCont 
iw 
tCTlOTTMir 
:7^® i » t fOOi 
lf,i J « I SMl 
lf»f t * I f#l 
ff.t t « I Wl 
i$«§ t « I TO? 
§~ . .Jhr 
SiSS4i-*-iifcAa 
mi I f .Wi" • s 
#•«! 
%4ft ilMf 
i»Ws t#»t 
i.Mt • * |^ 
l.fi: . ^iit 
I 
1 
4 
f 
m% t s 14 «-m • Mm : 
m0 i m t 1® 1 mo f 
mi «•• *> 19 : 8 t t 
m$ t U t $ 1 mM i 
m% 1 m 1 f 1 , mo I 
m. m ,1 1 
* •' 
S3 ; .095: ImBO: 
4,7 : ^257iW*mt 
SO : «O60:Slt40s 
m I 
m t m%a%mt 
m t 
OTii t 
I » t fmt • 
if,f I *» t ms 
!?•« I » .1 fM£ 
sn» I ,1 f4«f 
if«f I »* I fias 
M r B  
HI, 
12 
t .mt'tMf 
n t .iUi x^mt 
m : .SffJ 
m : 
48 ? 
41 t 
m I 
n^m-. t^Sf: 6#«it 
Sit&O* @^00t 5*65i 
2^18: 8,39: 5,00: 
i^€Qt ^mt .mt 
% 
M 
i 
4 
s 
8^f 
560 
496 
m$ 
©9 
fS 
S7 
31 
m 
IL 
I 
f4 t 
St f 
» I 
St s 
m, % 
I 
m t 
ii| : 
s 
t 
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m$ mm :^ I#, wtai*-. 
«f tm e3^wrti^« «*»#«# wmmmm  ^mrimm 
••mmrnm'mu^m m «*.•«. »t#- ^  
800,000 gallms per aore par day, for a period of 10 to M 
km^m 4^11y.p -mr® ^"bmrmiu. fM msrntimmiml worfe mm dfrtA  ^
'§mm mm .^M M first wkM -f^i- -mmtm ,t ««B* 
®kta-«iB£ »l«tl©a spfitei %i t&@ fiitws itei©fc w@r@ 
m A. Sw M mmmM -mA a#rtfts, |/i 
:i^r @a®t ^iart^jyte if« apyilifA Ite Ultiura  ^ % liiisaiigia® 
"fe# it fossifeld  ^staiy te 
orgaat®» ta •mrio^ layers ©f filter at toy 
-fej la af#&et®d tli® 
.SH: :^s*B'^i®tSQei' -w9S't@* 'ites ^yi-
filt«r® mm istsr^nsftd tsm &t m^Xm ©f 
WWM IwlS -KRl^'Je^p; ippip:. •®plJ|5lSp0- WSSCT' 1»«# #*©5  ^
%w» '«»# ^1* I&# tm&h fi3«s 
mi^oVL» layers> and the amber and tyf»i  ^#f @erg®mii  ^f«r 
&t ft  ^'«iM' dstesiilswlw S»ii*-«§8®ttlBl»E' 
*«p» a»a-«rM ta all 
mm •t ^  i^sawte  ^
m.Tt&m lay«r® m» ;»MirSiiWt^-isttif ff»i ^ tpiiil. 
a® ©ffi-wata frm •fey#s»' 'wmm 
«i4«ral>ly ,a»# altelia# ^aa tti# ma^m appllst# mw. 
ms »e«i* tk# mmmtrAt pmtmt fj® i«S tm ^*0),, wiiei»e«« 
tto #ffliiemfes- ipmm first fc# alJitii wmm-
€lttinctly alkaUta#* 
The proporti#a ttm milk solids mmm^A "bf tb# tws 
«iaaeF urbieli mm  ^ !» feMa# iMmmmmi, 
wltla m. limmtLm $& flii- M'»ast«» 
#«##atFatl©» ©f ifc# wma imm S pm  ^ »»!;. t#' 
%/B ,|I@3? mntf thm , ftUbmrn h&.^ m %s ©«0ptiig 
gmg period tfm mt£2mm% ^mt&SMm4 mb^mt -tla® saa# 
•of «ttlias as the wm tii&t 
t.h« first &nd m0&n€ tmymm «f tl» filters •f#a*.r #fflei0at 
im vmim-wiMg th0 gi»«a%«ip of alll .i©li4#» 1/t 
mnt mXlM *• to .^iag &ppll&4. tteta#. fcfa& 
dllmination of total sollda, wfts geaaerally t# tJi# 
iifl»tF,fcaIf'tf tlit- ft3.t«».» 'Si© Xtwsr %m .««© 
showed m i» aolldis ©¥#i» %&« solids 
ffce i|miitlfey of sss-^aA#  ^ 'Solids im tto *a,ft# Is* 
©rems^d wttli an ises^*## t» tM ®f tls# 
^fii# gp®at®r p&re&ntmg0  ^ &f mwMp&Md&d rmmwd hf ttot-
first layei* of th# fil%$r«.« It wmm tlmt tto 8®@» 
•peatM solids ©ftea iae«it,«®a ia t&® 'fwm ti» f#»tli 
t© til© sixth layew* 
The oxygen-s#ss®»t tSs@ hi^atf 
levels of the two trickling filters i»J?# very «ffieieiit ia 
r#a@viiif mterials. • &#• faatttitiy «f tb« 
aatsri&I wm •«!» gmmmmM talt© «it:r&®dly 
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wttM -m incy^mm Is mf wrnrnm '«ppile4 tte® 
filt©Fs* fli@' ijair ©f %©%li e-toits* tiMms. vmpy 
2P#a«eti©a !»• tm #f th® 
fli© «TOnia pp^iwitles UBimllf ##eiirF#€ In felas 
ttmt layer t)0tfe fllt^ips* fto» aamfl#.® #f ©fflm-
#11% tPm tim: ©ft«a ahowei aligjifcl|r g»NeiE%#r • 
teep©«s# in wmonia aftej* .», daorease la tlit: #0tte#afcj*a'fcS«a 
th« wftst®,« I •j^-rsas^l tli« results -Is •¥«pt®ma s»i## 
#lj#w fcliat the •gMWiSl.a' msm «at %lwn fiilt# 
pupMlr *s the A«ttii trnT-mmMm.' ,fm tiie i»*er '•MmwMim #f 
filters t3i« gpaittiiJ.. €«©»«»#• t» *»«• wit& 
tmrmm&s In, -aoA' altrat®## 
'••fh.#•.al.tf'it#* i»eF««s»#i te tit® JPtest ©f 
tii6 filters I, wfe«& l/t" p^s» «'®»t wmtm ws«, •'tottt «itli. 
til# 2 per cent «8t© 'WS# •irei?j-Itttl#. ttitrlte foTuaf:!.®!! 
is th« ft^sfc iSi® ait rife© S!©Bt«at:,. t'l® 
•t ##at w&m ttsniilli' fotmd in th»- •#«©»# .B#l«ir-
til# tmym 'Sm. wMek. Wm awpsto® 
m# 'iismlly a, •s©afc#at .<if th© effla-
«iit;S f«» fc-l» toyem#, 
im fij.t©ras: A «wft B wit» 
m%m. %hMf 1/2 pel* ©#»i. pfcis^ailk «&ti# *8 btfjig millet fed 
tl3»- ftltiffs* Itttl# mMwrnm wmm p«ii#ae«€ im- tlie jrir«t 
iafe:r with the- 1/2 m»i. # f##' ##iit wist## Wkm.lAm- first 
ther© was a gp«4iA«l in iil4.r&%;# a* #f 
tllMmttm liais rnm^wm •&€ attrst# ia 
fel» «f^-r :iitrW« #f the wfeea tit© 
uttftt#- f®»a%toa WAS. to- -mTOally trm9 
m&% til© aifcrafee# mm. mitm ih® wj»# €#•• 
'•mmmtmg* litrst® f#fmti©5a in botli t aai S m» mm% 
mv%m& te tb# %mm h&M' %t tto filters* 
•1^0 UPP9W tm.- tSm mm- mMpmm$» 
.^,1® fm • tfci#- -nf m ia^g# m€ tti« wfi®.!® 
iilt«>gen* Th® aiaomt #f #rga»ie attip#.g»» .t» 
the various iiiyws wl'iMte tli© 'ia* 
-m Ma mi tfee wmtm 
mm m gradual decrease im tim ©pganlc nitroge« m. ttm 
i®ptli 'im^mmm r^n 
fhB sffeetlT@a«s« mt my flaat i-s 
tof its ability to pm4m& a fliml wmmh S.® feiftiCli' 
flfee- 0f wkimh I#. ^E«ai;|-y «#»<! 
1# 'to-t -ef t&e i4#fe@f*i.nation ®f tia®: .uttr-#  ^ ii-is4 fc!i»lr 
#%^g# ©f iai#%b#ip ia feb© f«« #f ' 
ISi# f«Ei»ifisati©a la 'fey t.li«-
m^mistm. pmmmu% %m %&« films wiiic.h f®m in tli®' typss 
Witfe t!i# ©inder %& %imm 
#xp#3»iis©»ts ther# •mm mm %m -Si® vm€ 
%m. Mf®» mf tim- m€ »• mwM- Ammmm'-
iiSmm substances at th# T^im was itls# « 
•|Nti»©©atftg# ©f aitrftt## .t» Wm wfpef' #f tit©## 
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•wttli m- -mptd- rnmmsm m tk© saitrai##. m te# Immw €#p%iia ©f 
<2ja3ag©ii to tte ©s»®#ati»mtli3Hi ®f tte# wa«-t# 
to tlie ftltsirf .i«»;galat#g tfa© tto® 
.••f#^a.ti#a and mmrn  ^ &f t^»e. #ab®taii##s .t» tlie m^imm 
Mm Tsmm mf md tlie MiNtit 'ttf 
Ccaa.0®at^M« of Wi»t® <» tlie Fmm.Mm -Wbe:.'Wmpimm L&wmwM.st 
ftgg; g^iig- ¥illmm*. 
Wmm- stttdies show I2iat there w@r« surprislag fluotaa* 
ia tfc® mri&m: :tf' fllt@r» 
whioh were oj^ratias under ptrtialXy ooatrollei t«^itioas» 
When th® eoac^ntration of iaie applied wast© was inereaseA m 
Mmwmm^:g. %«rta ,^ gmmmM, wtA #f 
the films in the various layers wtonrent modifications, 
!ilQ«^iag 'haw that %e fi3»' #f to. mrt®#* 
layers w«re affected in such a way as to ©auise sloughing 
^aftatration the 
wry mrke  ^ chaag® in th# fil», before thet 
mme d.iseussioa on ths <wtm»© of sloughing* 
(ItSS) eonsi^ered, the biarrowtl# ^#%ion of th# 
oth^r worms to b© of priJm importance in the aeeeleration of 
th# (19.36) belieTa€. th# 'ptyaliftl 
dlti©». «®4 «toag«# 1» th© flora, wmm #f 'TO# 
pr©tt».%. stm4i®s ©f t»o experimentel «ittij»r filt#s  ^a» in 
»ito th® Mt#y .Ite' Aamt# :-l*. 
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 ^mmm mi' mmm% W mmm^m%^m 
of $&« waste whicli ims being applied to th© filters, iwsii 
wmm tte mS' mm^m This state»fat t» 
also supported hj the fact that ehlorinaticm of filter feeds, 
la most eases, will caus© sloughlag. sloii^$*tg la 
«si«ria«Haiffll Qi^ mt toy .chaagthS 
tiaa &f tto.® «»® ^©0@a@4 1  ^a .s^j^agt- .fs th# p%m% and 
'iii: '•%• .EtSS ^M%r 'Ma*:* 
was no sigaifioant differano© la iparioijs typ©^ 
@f c^jpal»: fmm& ia 'tite' filters:* •&• of . 
wrious depths w®r«>, under the ooaditloas of the experiments* 
practically sta# ia hoW. filter# 5li«r# m® almy® a 
eyclic suen^iiil^^ #f • me%^m. Mmm- Im ^rious My#»# 
fhiB ®f»M# mm ih#-
•es^lillshsS te •!&• -SsarSiFffiMimSs -iff th# sssSs 
applied filters* 
'tte®' '«»«a'%ram<« ®f 'ii^^dlk m^t® •«» r®-
t to 1/a f#r m» m mm^^-
tr»#iti«a mt 'tti© ©rgwil^ 'la.- mti&m. ^ ^  twi-
4 aililte «f• '^ m$Mm  ^ m^mm  ^vim.-
@mtmUm .aili: i«t» -p^r 
to S p#r @«at» 
fhe pTotom  ^"mm 'imm te mm 3#y#3P^' 
®t m# fllttrs#, m f8ri««» laywi: 
1^-  ^ nm ,^ mm mmmrnmMm m  ^
-98-
imst© lifeisli iKis bSfing applied to the filters, lEhis ims 
especially true of the eiliates# 
'Wi9 ..awi# of «Jllat«s ip&um ia 
layers w©r© Uronataa, OolpoM, Glaucoma  ^ Lioaotusg CiaetochtXum, 
ooeasioaally, "but the aboYe mentioned genem wer# auiMsrIeaily 
Oytsliilm found oceasionally la -various layers #f tooth 
filters• 
Qie fbllowiag genera of flagellates mw»- cossaonly fo«»i 
t» filt€tws C@reobM@> 
Tixe most Qom&n rliiaois>as were -^©bae  ^ OhlCT^dophrys, 
msm att€-H@aRto4a# 
let^lB of the filths A siiA B m 
^ %«« Saww ili# • 
ifeiaftfite iffiA fla^Ujatts mmt  ^ ia 
the lower le-rnXs* Wm '#* t&# .^ g|» |^J|-
*0 ,®te»i»i. '^m t p®r «waii t® 1/2 mBL% total. 
ftf' flag©llat#t M 
#t ©f TO@  ^ w«i»a % 
•DToduee Mor@ suitable oondltimis for liJie dereloimcaat of "^e 
««# mm 'ffc# 
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•»i# mm  ^ #f "ito: Mlf tM 
mm. to :»f  ^ mm trm l/B: 
pm mmt  ^M •«*§,,; !»«•.« 
^tal .aai aillst#t foar th& fimt w&^Mh i^ n 
of t^aita 
« la»«a»e# iai@ p?«#^itetiag torn® te Hiese 
iM Ifeis mriotts M^ynm of filters mm tf* 
Wkinh the#® 
M: -©ift  ^ffliii: wssSB' WSS' 6BSI1S'S 'te tfc* 
filters, the mjorits" of clliat©® Is itoe upper layers of 
fnt@r« mm ••^ etm «f CoIpeAa  ^
ais .^i»iit '^Ji* An -«i»  ^^ »ii» -m te#s «f fmM^$M 
w&m-: prssttt-l# ipeHa iii«»«i«®4. «rter 
•!ji^% ly^t p#r e«it «»ii«#m^lt«» -sf• 
»a». appliedi to -01© Im tto loiw Jftfwl® 
#f io't& fiitmm .4 Mg: •*&» *«:* •«»«». :&mmm #f -©iMa^s-
w«« mMmmeit. Oaqrfe?l©fea, auwia^tliim, .«ft 
a«s® 'Smm mm mo% tt®tla#tlf at mj mm 
mi «« %« '^ mA m 'mm» S»m3M wmm 
m% &%m^m .mm m V^mm f^ vm& la th« leiw lafpw* 
tnw# k<wew:r, tm$x%j »wteat ia wno«s lRf»r® 
with tli@ 2 per om.t aad l/S p®r eeat milk mm 
MM mm tmm^ tmm. z -pmw Qmt ^ 1/2 
t» •<!«$* tte pp^Rlaamag «f*»- * ^ l«t- #f 
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mm mm Wmm u% t&© mrn .^ 
i?ii@a the higjjser oone^ntsyatioa of waste w&a balsg applied to 
t^# filtmm* 1&« Xomr mmmWmMm •••«# "mm 'm$mr 
ttie opposite a^jTist^eat oeoiirred# As a rule, total $B«teiir 
of elliates was laigh^r ia the uppeaf levels #f tig filter wiia 
Z i^r m&t m«t@ -mm Miag % I&# filters* »®aw#r' 
tim of tii@ m#t« was lii@»©a»#& or m 
^rto4 m i^ m. ^  '1  ^ mm. 
ttt@® % "bmrnm at|tt«t#4 te» tl» c&aag®* ®#r@ mm ali!®^» m 
M- '*# total «tllat« ©wi^- im * *l!«* 
l^riot ©f tl» mitm tb® eoa^atratioa ®f mat® Usa .ctemgna. 
!a)3©s# s^idiaa feai?# ^o#a l&at ^a #iliats« Jte t|» «ppar l^rs 
#f tlfis flltar® iwra ra%#r typiosi, typas at lfe&-
lonar daptHa of 4to@ filti^a, mm wa?a walo#»m to fount 
•jjK' jspiEw^jSi. pipffii 'paipp^* :i;ii.»s. -^af- jLWf ox 'waaw'  ^
tlia fresh imter t^as wars fotmd more abundantly is tlia w^s^pr 
Wi^  til® Mgk mmmtmtim waata# ttar "i^ r# mm 
limited to tbie lower lavals of tiie filtars. =1&ia «» tcua :i» 
both filtera A and B, 
mm mmM m» mi •mm i^m 
tlyat Mi&m '$mm so® aot as suso#ptS.%l« m t&# iffoto»6 to 
otomga® i» a®aa^tmti<m ©f wat®» •*• altght 
i««r«Na®t is %© MiJ«r of s«at©4a# ;«»4 retifars fpw W^' 
fii»t lafar to wixW lafar of l»oth flltara# A hm^ff fil* 
•^mm& m m»^ #t -mmmt:. •for  ^
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in: m 
imriou» layers and iaereas^d in anaMr with tSie aeeusulatlcm 
of the films after slou^ins. On one oeeasioa* when the film 
of t&e first layef blacic end had a alight odor„ tfceare 
m ia •^e mw^it a«»tod®0 m0. a d«-
m -iws&sr ®f 
fhe total eo«nt® for both filters sliow@d a sfliight de« 
in th© second lay«r, with both tdiie l/2 and 2 per mmM 
This my hnm be^a due to th© saarked production of 
nitrites and aeaaonia which was pmduo®d at this depth, ©lis 
m at 
thes# sttMteiMii m of mF fosaiMy be 
f&« rhi»@tpi4# and wmm mmXlj wxtm 
la Islbm lay«r# yiifMiiig « hi#i psr^fiBtag© nitrat®#, 
bnt isai0th©r or not ife© nitrat® content of the effluents dt--
mA. ®f tii@ pi©fe»a 
1# th$m In I&# p^'if t«a.timi any 
:%f» #f «#%## a lar®® of ®®i. 
biologiimX faetors is lmmlir#a., «t gr»@t wmt  ^Wmm. 
in 'tmemm a# to m# eff#©t of iiari@«B 
ti«ii popifl-tifc^  ^« 1^#: ttes. pift* 
rnmm mMm- i« tto 
layers of two eicperimental einder filters Ifean sai ia-
or d®«r#M«' m the @»|>osition of I3i# nast® applied. 
-lOS-
to m mitmt m ^  ^ari-
cms It -waB tatt# 0t«rSy sfti^i. -tti# mnrmmmt"* 
m.3Mm tmi&m. 4iih4Mt ft##©l«'»'te "81® Airml^fwrot of gea  ^
_«ml, tfpas #f !&#. «e ar^l«©g 
«s»a«s#m^«ti<ai  ^ wast# ms TOryespondet 
q,itit® o3L@s®3y to ttt® f©tM ^iteh wmm f#md is 
"^#wro» ife« i&® i^ae»atra%l;©ii of fh# wg^t# «» .I»"||; 
fonas pr«ieat resembled the types of organisaas €[i«ffloaly 
nitto. ai .^llmt'eA ®r fsais » 
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vm. UOHCLUSIOMS. 
1, mrnm mm a# mtfrnmam la Ik# .iff## 
tmm ©f m® ©x|jerim<?tt-taX @%mm flXtmm 
mn « 1^01® mAmr m» mirt€ais «|«pts«tal 
t.m .Mitk. 
BWISHI^ UM mi&VLtim appJUlefi 4ii@ tm ftlt«ris  ^ Mi a 
mp  ^tl* ••»«* M "mtimm- law* edT 
ttMmmrn 
"f# a# Ifc® fa« .^ to ^iig»« la «oa©i»trafim 
©f ^ riyst* aat 
Inymn of -te® ®s "««» la^mttA % ^  liii  ^
w«e# pai'tlftttlArlr i«r t&^^m 
trolled the nmste# 
4# ttet' imrnm %# *• 
^wi'i#ty #f fo«s til* l-0ir<  ^ le^ls# 
t* t#Ml at^^r #f Sa #wl«dLa «* 
ftrtttiilar  ^ flwiw  ^••»»».• Aasriag « 
p«t»4»i mm Wm mt m#t« ipt® miSmm* i^M mm 
melmsr %# & •4m:mimmmm *» tfttit ''ai^BStiB" -ll^' mmmtmrnm 
imm ti. « tii& g@a^* 
#» a® f»%©i^»a fa-am of •&« ti»#ir Mf«rB of l&e 
% m» ^ra» w; fmm m 
m'^ S.imm #f mA 'mi^ Xlutm sad 
f• ^itl.« @f "wt#w# f^w. 'itti# f41t«r«' ma 
ms^^Xf ^ftm%  ^W «&®ag«8 iA a^i5#B-tJ?itiiai #f tfe®. mmt®* 
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mm mm •rnm^Mmrnm :«i« i^tS  ^
p&4s md oeeua^rem# of ctoisiBasts ms probaWy du  ^  ^« 
Jfewalil© mmjmm m tfe# 
i« f#4i(t %« m4 mmt^Am 
imt mUmm t^^rm &m mt m m 
Wmm M :$m 10' 
t. mmmtmtim &i 
mm tmmmM: m 
ttM $m %® &t fiitws,*, 
!©• A mmmrf &t eottaM fme tii« 
m «i©«» -ipr-
Mfrnm ^ ^  tlXtmB mm tli© 
## Ht® -saiSNiitiiffltS' iMiit' <#^;'tf#ii»i; us- sssstble. 
n* fh« if«att@%i  ^ ®f ®@3ii.4» mM ik# 
SMI^ia SIB# fflffiT# im lii# 'Hf^yGri* SS3F®$S 
wmU  ^iai»»iys«i g^toally tw® 
mmadi t® !&# Mttoa ©f fiJL^r®, 1Bi« mi* 
fixtt 
lafw mA mm ^ mmB  ^mmm ®[^^*a3J  ^ m it ftltw»t 
m# i&mw %&fmm0 
IM* tmpmttm tmr maariww .piri®® 
sfewr mat -Vkmm tm m& ai»#t feittPtm mmmrt #f 
©x^^» »3»titm«ttis #f  ^f tl» «»# t&# tG-tfdl 
0f ^^4iwi «p %»"lsi»^ 0^ «aai»ii4 ^ l^tal mf 
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Mm -SISS^BaiW* 
AS®3l|j&B SI^3pA !F« 
lf^« a^maaMm .ot iihilt as% Sim® t» 
J* 2k ,^ 
:.,. m. .t* E.. 
'S!m 3%m%i^  &t Smm  ^ Mm^m  ^• A ^mXiMmm -^Q^s^* Mmm*- WL&mrn Bm*t aswaji*  ^ 40ill^i^:. 
.!» f»,,l«» mt, yyyte|^  ^ *fy tyiiaiT^ 1^ M fcfa' iifei' ''^ '^^ 'Ik ft WS0-. 0W m- -SWmB^mm- $3K@^pB@|t$: 
Iteto Is4ai««4« 
Mlm, *• !•, 
lf»# 4 s«y •:*r tei»- #f at®!-' ;S* 
mm^mum* Mmsr* m^*g -nmmmf s©ji4* 
Mmmm-tM* A 
B*» amt W« J* 
3JM» A«^m  ^sitti  ^Br<w0«s» B^Mm* 
«r aEBi«ai«t@r liw* ^ pt» A®»» B#^*, 
Atf«Bto J, 4^* 
^s^w, !•» m^Mrnt V*# t# 
1918. i«tlmt«4 Sl-tti^* ItJi.# Smt# lftt» S«e*- Bia« M#* 
wsm*m* 
.. c* B* 
It®#* smI' mmmm  ^tiiteti#'  ^
" -
'Wmm.^  0* &• 
3JM. m w^^mf ^Wmmft^ Mmmw "t® titoitr M l&# tilialMS BMjtoiura iiasuti»» Imecm S3^» 
,a&i.|^ ta^» M* 1* 
IBM* M.tewrs«  ^ait sat 
<^1a«m# f* i^t. Ir 
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E* 
mmmMtgrn. 'mm Wm^mm 
• Mfm%tm imn i«»i  ^
>• ia« fsww'W* 
MmX, 1# 
l»littt» #f .W* 
B* D, 
•tai* s-«Li^  i«3 t^i»g  ^ «r Mttmiwt 
mxAm* €mmt #f Am  ^
-Q#®* W#. .• ; 
A» M» „, - .. 
Itg5» S»  ^4#tliPi  ^
W^m t^m " a^» f§s 
M» 
<m s^pla^^l^^ttlW«« • Itx* 
msnm  ^
§m '%».m 'Wm r^n *fc flwi^^% 1«. i^-
" "" ' • • • :0 -^ 1^*^110^1;. $1|P$ |^8^S'S*- 'to 
m^m*. • «#, s#' m%». mm  ^
'M'» «^'i# W^mSm r^n:. 
•J#B '^# @byss®$is 0#^wyf**g SW tt' 
&Me» a4t 
1*^  ^ m»M m^mm  ^Mm. 
• iiii* • •te «i? M »-
 ^3*- «#rwalit« He* • 
t> i^«KM»* - 'WmxiM, <^3mtm mm&*  ^
a, «« «^i .^ s. 
l^-fi^iilsgR ai tm. 
-ijil  ^.^ fflW-B#SN>#S ^M@S$' •4fm ^TTWV ' TO -ipis *"'^ -' .iiiip.pB^,^. .wiipi^e*. gwwfw^ipr vflpmF -• 'WW,- .T-^WJ^R-^PP** 
jpiiKiWiiiWil®##;* #R®ji K<Pmi.jf 
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StolF StoiS*- # 
Qlwm^mArn %*». 1* •• : . 
mm  ^ mm MA. % 
S®Mt Birtt^J## W«t tm *»€• ItidL JMU, 
• 
Gox, Oliarle® 1* 
Xtgl» Pdp^-tl^at »f S«»  ^
fill*®* &II# 
Ifis* 1  ^WmiMm» ©f 'te« S«-^1>»Ssl 
. 1  ^ ML* Smm# 1^* Sm* Mi-
ife.* • Ima# 
CS»®ai«r, *• jr*., 
Xfas« oa mt aiMii«i  ^.4s. m® ^mtmmm 
0f a s««Bp> ftlt«» 
Qmw^m.m W« J**,, .«  ^SiBKirto ,^ s» B* 
m&m  ^#t Am<^mttm m4. BmmmiX 
Ja twft 1«» #f « larMiftal«3. 
m&trn Mm%.m S3Nr«4» 
mmim  ^ «• «a Hte ,^» S» s* 
 ^ Sprimia.^  FlXt ,^ 
Mm, Im A&m S£f« StSt..» Mm* §»• 
iili'*t' Til llTil '1^ 4-»Ui-Mi  ^ %ft •!»•. Jit ll# «#!-•#:• ^tiPiPpS 1®!  ^ miJ-
l&ia, 1 aailj^t.igiait.' :4g^' BTOSStilal 
 ^ I^IS,. trwm* 
a .^^ lLOTtol 1, 
Hi'llia'* B» w« 
iisg .^ f»«  ^ Wmk ]^i»lit"feti 
siteld  ^ Am.m Afsi. ll®3.»f 101 
ettti«if» B» 1* 
1IIB4# '-fc «f 
IMaiiaaK ..^ ci»r*, 
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m%%mt s* «#» mXt i>. T. - , , , , 
FlK5ati<M hr Azotobaoter ohrooeoocum. ABU. 
m&u, 
App* 
a-» w,, f»t erwf, «» 
li^-* «4 Mtm^ f®®t 
mA m# ft smt 
* * ® S 
1* *» 
1914. SMjl«t  ^i«Wi  ^
m% 'i^^iitMi  ^ .1^  ^»i^g. «tt. 
• •  » - € » # •  
J* Am 
 ^ a^y wi m Msmmmmtm  ^
BililUla, ¥• J» 
^^i«i ' ^ "Mm* afct#" ^ iwii#* 
wiwwNWIP* 
y«tees» g,  ^
li»SSN^' " ' * " * "• '" ** 
fSs», »rrls a* 
S.®i|y^» ^^My»f.««>1 BEWp#ZtSSS 0f Ssff ntf?  ^:^>#iSlSA 
BSS'SISEIWS' "tte® YS'tePftSitibdi® JMIft B#* 
alff# wmm ^  
t* Mfet#, Abt. I. 21:926-932. 
W» «•» m€ S* 1* ltt9.» ]^ »»« mt m m^eiMmM. ftl.t«# ,, 
*«r&s XtW6* t^m 
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%mf* Wm a* J^ar*. 'mw» 
Tm 
XmX* 4 . itt 
o-f soil. Rot* Soo* (Lor€«} i»# 845ljS8» 
m$m 
.^1»- WL»iy ®0SA' Si®®S:.J:. W-#> &• 
If®* fKB^ ®aa 11^® 0f %@ S|H?i^iaj»g ttitmt iii«h 
Brnfmmmm %#lr S«fc»w&3. BlmlariMtisii* 
Sw sxi># mx* 
S*f», «t !• ¥• 
Itif, mtmm «r is aaltw .^ #f' 
Hif# J^l#gy 
L. A* 
11 ,^ m Ikiam #f Sprli^tog't^t  ^WsM-
^4 M« J"* 
L* A* 
lf». «f  ^mmmj^  
1[5«&« jtos-r* Pub, H©aim, 
M#, aM wtll«B* 
Mtm% ^  Mmtlmu m& m B*. #aM. In 
farfci itSill*^  ^
Hm, t* L. 
Itli^ l&@ MMMm. mi ^ &t 
mil ^mt0 ii4ES-4^^* 
»•• «• 
i^S* ^feisr «!» Itmfliaa A|wtes«p aiaf ti# 
B*wilmft«iil»tt H^sse.. »l#r Xlf'*. 
Mtm t# 111,., 
X« Mm»  ^ BrnrtiMm 
WmtmsaXlMTt 0. 
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JlfM» !a« ©f •« ?ari«*i» 
Wm* 
W* BaS#!# 
I.ti4* 4 %t tte i>f s«irag# Di«p©sai* 
I & II. STOB* a©i*, 
1 * 8 .  ^  . - . :  
A Qt 1# Sg I^A»» 
Mirtia*# l^e«* 
Oi#i 
B .  , .  
M^S» t<3r Wi*m»4dM3m 
S»}, 
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itM* sw i^m «f Iteto «at a^lalEMss Fll-|@r«*: 
»« !• B^mw M.# 
@1  ^ Sml^# Mm y* 
S1»6»» m%.m "I4f« 
te^e^Tf ^awa i« 
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iStil^* -is Be^S^le^Sla® #-Jt Ctie®@BSiw 
ImA lag* 2jq^* sta», M.» ff* 
%0wiMmp Ma% Iweto* 0®©* w^, mA &M$:t S# 
liiitt 1&# ^ Sk:|» Mm ^Xmti^os m m 
tM  ^*tl.tiir» Iwm. mm» Stfe** 
Wm*t a^» w#g. mt mttot# S® 
#f ^Ife a®ss^to®t» '^f MX'^Mmm. 
M# ^t<* 
y» €l»  ^^iif, A# W*#  ^ 0mm  ^ X* m€ 
 ^'Brn'^ msm -m, ^mmlftmt$m* Mm J** J#r* lsi»« 
jr, mA Urn 
Xmi*  ^ $f »8i@'tetyia ia m« 
<pKrt» Stpt* 0# Mol*, 
i 
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Wmttg A* 
1 ,^ Aoad» Sci.-,,Paris, 
Ocmpb. M,, 
0# :s» 
Itlg. A S0t# « fr« si«k a©ils, wtm 
SMi lee^Lt ^  "ttta XAf« «f a 
• mj^ a#@  ^ {to&tei) «» 
Itif• Sl.^  ^ m€ 
ji» 
Bstt*FdhiW' -1& ^lh8* 1^^-
mtej F. % ' V 
twm* i^-' mm-.^ $$m •to' Mt 
toaii* f* ^s*# 
iiM# aw» B?#:y^ta®aT iw®««Mpiti®as «• m# i!»|Ati®»» 
i&4|f &t i^#%0»ft I© s^i l%rtiii% wt^ Bpmt&x 
R^Mwrnmrn' Wimtim., Mm.m Awp"^* ®S.®3.#». 
s» !.»» mmmtii, a* 
Wm*. BMIm^mX m, fp*t»iai»f filter# lli# 
ste%# tei»f» M.# ^s#5-^a^» 
l$g§* imWm -2Mfc««tiag of 
0^[0.8r, E. 
If It* 'aitf tii»«''»i«i#, itA# JT* B?#t», 
O^JUty* E» 
3SS#e mjifl g.f i  .gsSi^SB' pi9M|<Wa-» 
'S^SSEii, ®#, 
miWm ^m- #e*@l»lst© taft 
Amh, r, Br©t.t €ttX»^I ,^. » 
I, 
it06» mm»^ m -i*- MMmmm m$,. Hfe#* 
mm^Mm s^ rniMmmm ^iwiwia.^  
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mm mt ^  ^mmrn. ^  «'»«• 
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B«^p« ,!• 
&f m lateial te 
Swe Mmr» J#w* lrs»» StW-fSS# 
fitlllipa, !*.!.• 
a® @f i^a»®eitim $m &t Kmma. 
mwUHm Gmtemt^ 2^1 ,^ 
W»0#» mM M$t0rti&X4,, 0» t# 
lilS* Ste® Mfmt of PJ«iir  ^iaS»l® iipcai ^®t«pi&I, 
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B»%, W. Cm-
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F3ji4afi«M W0:rB»« Sag* 
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rnmmU, a. B." 
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K* 
''Stes ••«iiS StVfeiSlttlteltt "ite®'- "BeS'lilimE 
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Or# 
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i^ m % a* i .^ 
S1^i0, A« 
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6, 0iilaaiSf4optefs te 
f$Sa •&€ ^Sjay«r* 
lS9«w 
Vrmmm saa-t from 
the First Layer, 
mMmmi if 
^ mmmmrn'-A^ la te# tr®@1ra«t #t awi^^ 
•%y mw$m mtmm m mmMm  ^
•^aic «ftojp -It ^ m 
It ®m1^» *1# :^itti@» -^ttk It i® ^3^ witli a%<mt SO per 
tta mm- '^ $mmm •»»#» 
the aeratioa taak ia from two to tweaty hours, Whil« in Wm 
tank air is bloim throtigh it or it is raeohaiiieally ^itateA 
m- rnfiimmt fmm m# mmmtirn m m 
mmm it ^mmiMM fm m li«tr ta allsHr 
tte ^ ' f m  aa^eaa^mt 
li^4 lii# tolE i« %& tii® s«ii»t ©f 
fiaal tisfus^,. A ef s-mm titeS' 
19 •^ : l%# •%»«:* 
#«• 'ilEiPBiS sBS^SiBWs mtter In te* 
It lawtwtiti It 
tifpmsm first m W,b st«p ia A«ei^wiitiQs <if 
Is @aXled mmmiflmti^mB 
S» .•tei^i. |.S» 0» ©») 
maA BimmMmtXm #f .i»t^ r hy Miftmptea mUrity mm 
m mmm m» mtar® mM, 
tiiwitl% «f - it ooataias- T3i9 oonsaupticm 
©f «ir#« %rm ^max^ Q. rnm  ^
mt WW ia mt UtutiM^ ^ 
wtm m immm mmm% #f wwm ws^ #f tmm my^m 
'soatmt &m m.& Iteiftag ^ te-
#«.'tetiaa 4^ ti® s«wis«^ ^©3? «t # • • 
ittfiait# 
4# 0«rtalm =^m*- mMwmrn-
^iim« ^%m l» tew»a m wt i^trl-
momt Qt 0:xjg^ n tOg) whioli is dissolT®4 in a liquid* 
®* Jaals^ttaml a#«alts> lim «3C»et^i^^ 
©f a fiw Bmh as teiap»rattir@, 
and liirtos tb# #f mrnXT^mm 
mm ^3? ^ijil« it*f #ii, I hj w§i0:%, mmm^ 
iM& thAt m lit^ #f £^7 mm3.fm%m mi^m 
klXm^mRrn ••ifcte- «®, isart® per ' 
MXlim mm %& miXiw^x^ ?®* MMT* 
Mitriftiia.mm# 'Bm mMMtim m ©tf 
SMOftia m aa4 att3»"te« hj ta tto 
hbdlltoe 
i» -rnmmm* 'Wm mm  ^»*!»• «f 
aaSmO. m wi«l» i» is * ®t #!#-• 
rnmm ®a4 #3ey^» wtm 
im mmm* f'ltBttfaS ^ lfe>-
sm^ml 
•«•• mm. mmmmm 
mMtim Wm- % mm 
mttm &t m%mi,m amiMM# mfm  ^ t&m0 
m mmtm «.® & iXlwmt* ^mm-. '^n- #^®wi' 
mt ®3r^ »l0 t0@» mt mmmS.- AmlMfel* #i£y^  
&f %0 ^ :»i»#'It 'jwg^- iwli 
"os^gea Mlatti»» is pneltiw,. mO. wtisiupll^ i«lli' 
imt mmlt^ • • 
©th«r thaa the MoGli®sioal» whiel durtag ai*» 
#f -liftttfir# . If. wSM. -
MmhmAmt. m$wm. Sto)^ l&t mwhm  ^ m% nXtrngm  ^
1m <»g6»l« *tt#? -M «3Ei4i»a W ^^wstwi 
my^m ^m^mM M mmaMm^ m to.€i@iit» 
img ^6 wmm^ #f rngBml^ mttur ^^mmtm 
mlf a iprt ^ ^  ^j<b.©a,, pm  ^
w^im ia s«fs«« hmmm ««r^^ sb 
i^ttur- t» mt m tm<^w #3dLti«4 m» i» 
3-3.. 8ear*g»ifi@aM»» nf »aat^ 
in A» %#• tflistto» mi. «itiimM«ai#.. 
a#t4« is mA Wim • 
«pgi»i« a®t%#r is Imt0 wa^r tli® of--
ite«iw »f •'%# mitsr t# .as^iiils^ fey at*-
If t&@ 4llxtM^ tm mfftmtmtlf grmt> it, nlmm mf 
'mrn  ^rnmmsm m -«w«la mmm 
m m@ tlimtjtof wm%m 
mm tft %« gwwm «A asTttrity ^ ©tl^r exl-
^iaiag wft to A mM^t tm te#@t 
s® 3«g a® t&«» 1# ittfftffl-t«t fr#i»®it ia. 
^ ^aditi^ wtn «afi ffiPf«®siw 
i»mm wiil m mmmtrn Wkm »it-t#r t® 
ai^ifiM » #3dAI««€,, m«re frUE m fmWmt mmmd m ^  
«^i« #t %# 'Ife#- »^WM wili %#• 
' ifttttK ^ufaiik •jtiihn3iiLtf»:'''jttil'.ll!ft '^ ' A''ewuwfc'^ w8' iSMfefc- 'ft .^ '4'iMb'•^ 4''j(%ittfc. 
Ml mmhl^ttm mf Cm) the liqiiM mstm-
'1^^ MsS'SliisiiB* tmmim-mm buildlSKS- IBS teSlS.-tEMWB HUBS tl^l 
1^ * ii»-*fe%l.i.sto@atst mMM. l®) s«@k mvst&m 
mM mtmm mt&r 9» m&j %# atel.%t#t m fiats imM  ^
'1I&0 ^ 
3^* Slatei* BMm i® »tt«r 
*M©fe .#«. %# wmmat of m# 
Mm BtTmm m%M%tm* Stwan mm&lwm 4» 
pitting Sate a iwast# «tt«» #f m&h ^wmQlme tM% 
mm- tmxttf #f• -m# s« 
fsgj^mnf A l^isrnim® m ^3?jja^i»g ttllwf 
i# # %#t ®,f W6i*«# wmw i&tiA mmMm- i* 
^ ®.th®i?«i®» «a4 ^Oinwt 1^ tirl^iar mlmlt 
m« ni%m m ^%n ^  mmm 
<<•3.44* 
••-1^ 'Hie • ,i® 
Is® %hm m.Wxi,m.% of -Wtm mlM 
mttm- «i m^mm- M 
tg m'mt mt By t&e a^^¥te -mA is 
ia Hi# is m mm attrifl®d •«^-
waste# 
•sist «4 wal#ii^ 3»ftt^i %hm fmmme is 
muSm ^ &f iia®i mite mpw^T tfe® mmmmitf muMSAiMg, 
feotlly mr mmmt^, feow^iolt m^ im^strial 
l&ii- sal 14 ipiyteitit aftfii .«iE ^srltoui#* raWtA* 
ai^% s^ mmt stafei® «fal 6r awket y«d*»»». 
dead anlmls, sad industrial refuse Ciaoludiag wasit© buildisag 
^iirlals)« 
